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T i-ie e n z y m e  a r g in a s e  w h ic h  o c c u r s  in  v a r io u s  o r g a n s  o f  d i f fe r e n t  a n im a ls  w a s  
first d is c o v e r e d  b y  K o s s e l  a n d  D a k i n  ( 1904) in  th e  m a m m a lia n  l iv e r .  C le m e n t i  
( 1916, 1918 , 1922) f o u n d  a r g in a s e  in  th e  l iv e r  o f  m a m m a ls ,  a m p h ib ia n s  a n d  f is h e s  
and th e  t u r t le ,  b u t  h e  d id  n o t  f in d  a n y  in  th e  l iv e r  o f  b ir d s  a n d  o f  th e  m a jo r i t y  o f  
re p tile s . H e  f o u n d  th e  e n z y m e  to  b e  p r e s e n t  in  th e  k id n e y  o f  b ir d s .  H u n t e r  a n d  
D a u p h in e e  ( 1924) f o u n d  a  c o n s id e r a b le  a m o u n t  o f  a r g in a s e  in  th e  l i v e r  o f  m a m m a ls  
and fis h e s . T h e y  a ls o  e s t a b l is h e d  t h e  p r e s e n c e  o f  a r g in a s e  in  th e  k id n e y  o f  m a m m a ls  
and fis h e s , b u t  u s u a l ly  in  a n  a m o u n t  s m a lle r  th a n  t h a t  p r e s e n t  in  th e  l iv e r .  I n  
the o r g a n s  o f  f is h e s  o t h e r  th a n  th e  l iv e r ,  h e a r t  a n d  k id n e y ,  th e  d is t r ib u t io n  o f  
a rgin ase  a p p e a r e d  to  h e  v a r ia b le .  I n  m a m m a ls  t h e s e  w o r k e r s  d id  n o t  f in d  a r g in a s e  
in a n y  o r g a n s  e x c e p t  th e  l i v e r  a n d  th e  k i d n e y ,  w h i le  in  b ir d s  t h e y  c o u ld  f in d  it  
on ly  in  th e  k id n e y .
E d lb a c h e r  a n d  R d t h le r  ( 1925) m a d e  a n  e x t e n s iv e  s t u d y  o f  a r g in a s e  c o n t e n t  in  
the d o m e stic  f o w l  a n d  in  c e r t a in  m a m m a ls .  T h e y  f o u n d  t h a t  a r g in a s e  w a s  p r e s e n t  
in th e  l iv e r , k i d n e y  a n d  te s t is  o f  b o t h  m a m m a ls  a n d  b ir d s .  F u r t h e r  t h e y  d e t e c t e d  
th e  p re s e n ce  o f  th e  e n z y m e  in  th e  p la c e n t a  a n d  t h y m u s  o f  s o m e  m a m m a ls .  T h e s e  
a u th o rs w e re  th e  f ir s t  to  f in d  a n y  a r g in a s e  in  th e  te s t is ,  a n d  t h e y  a ls o  f o u n d  a r g in a s e  
in  th e  liv e r  o f  b i r d s ,  w h ic h  a ll  th e  p r e v io u s  w o r k e r s  f a i le d  to  d e t e c t .  T h e y  e s t a b ­
lished  th a t in  m a m m a ls  th e  o r g a n  r ic h e s t  in  a r g in a s e  is  th e  l iv e r ,  w h i le  in  b ir d s  
it is th e  k id n e y .  'T h e  r e la t iv e  q u a n t i t y  o f  th e  e n z y m e  p r e s e n t  p e r  g r a m  o f  b o d y  
w e ig h t is fa r  g r e a t e r  in  m a m m a ls  th a n  in  b ir d s .  T h e y  a ls o  d e m o n s t r a t e d  t h a t  th e  
argin ase v a lu e  ( w h ic h  is  th e  n u m b e r  o f  u n it s  o f  a r g in a s e  p e r  g r a m  o f  b o d y  w e ig h t )  
w as h ig h e r  in  t h e  m a le s  th a n  in  t h e  fe m a le s .
T h e  p r e s e n t  p ie c e  o f  r e s e a r c h  w a s  u n d e r t a k e n  a t  th e  s u g g e s t io n  o f  D r  C r e w ,  
w ith  th e  v ie w  to  t e s t in g  a n d  e x t e n d i n g  th e  w o r k  o f  E d lb a c h e r  a n d  R o t h le r .  I t  is  
in ten d ed  to  p r e s e n t  m o r e  d a ta  o n  t h e  c o n f l ic t in g  q u e s t io n  o f  th e  p r e s e n c e  a n d  
a b sen ce  o f  a r g in a s e  in  th e  l iv e r  o f  b ir d s  a n d  a ls o  to  m a k e  a t h o r o u g h  s t u d y  o f  its  
p resen ce  in  d i f fe r e n t  o r g a n s  o f  t h e  f o w ls ,  a n d  its  r e la t io n  to  s e x .
T h e  m a te r ia l  u s e d  f o r  t h e  w o r k  c o n s is t e d  m a in ly  o f  th e  B a n ta m  b r e e d  o f  f o w ls .  
A  fe w  d a ta  r e fe r  to  o t h e r  b r e e d s  o f  f o w ls  a n d  to  m a m m a ls .
T h e  m e th o d  u s e d  f o r  d e t e c t io n  a n d  e s t im a t io n  o f  a r g in a s e  t h r o u g h o u t  th is  
e x p e rim e n t is  t h a t  u s e d  b y  E d l b a c h e r  a n d  R o t h le r ,  s in c e  i t  is  th e  m o s t  u p - t o - d a t e  
and c la im e d  to  b e  m o s t  a c c u r a t e .  A r g i n a s e  c a n  h e  e x t r a c t e d  w i t h  w a t e r  a n d  d i lu t e  
acetic a c id , a n d  c a n  b e  s e p a r a t e d  f r o m  th is  s o lu t io n  b y  a m m o n iu m  s u lp h a t e  a n d  
alcoh ol a n d  e th e r .  I t  c a n  a ls o  b e  e x t r a c t e d  w i t h  g l y c e r i n e .  I t  is  c la im e d  t h a t  th e
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e x t r a c t i o n  w i t h  w a t e r  is  n o t  s o  e f f e c t iv e  a s t h a t  w i t h  g l y c e r i n e .  B u t  s o  f a r  a s  th e  
o r g a n s  o f  b ir d s  a r e  c o n c e r n e d ,  w h e r e  t h e  q u a n t i t y  o f  a r g in a s e  p r e s e n t  is  u s u a l ly  
s m a l l ,  t h e r e  w a s  f o u n d  t o  b e  l i t t le  d i f f e r e n c e  b e t w e e n  t h e  t w o  m e t h o d s  o f  e x ­
t r a c t io n .  I n  q u i t e  a  n u m b e r  o f  c a s e s  w h e r e  c o n t r o l  e x p e r im e n t s  w e r e  c a r r ie d  o u t  
w i t h  g l y c e r i n e  e x t r a c t  to  t e s t  t h e  p r e s e n c e  o f  t h e  e n z y m e  w h e r e  w a t e r  e x t r a c t  
f a i le d  to  d e t e c t  a n y ,  th e  r e s u lt s  w e r e  a g a in  n e g a t iv e .  T h r o u g h o u t  th is  p ie c e  o f  
w o r k  t h e  e x t r a c t i o n  h a s  b e e n  c a r r ie d  o u t  w i t h  w a t e r .  T h e  o n e  a d v a n t a g e  th is  h a s 
o v e r  t h e  m e t h o d  o f  g ly c e r i n e  e x t r a c t i o n  is  t h a t  th e  o r g a n  c a n  b e  u s e d  f r e s h ,  a n d  
c a n  b e  h a n d le d  w i t h  m o r e  a c c u r a c y .  O n e  g r a m  o f  th e  o r g a n  t o  b e  t e s t e d  w a s  
t a k e n  a n d  g r o u n d  w i t h  s u f f ic ie n t  q u a r t z - s a n d  u n t i l  a  h o m o g e n e o u s  p a s t e  w a s  
o b t a in e d .  25 c .c .  o f  d is t i l le d  w a t e r  w e r e  th e n  a d d e d ,  a n d  th e  m i x t u r e  w e l l  m ix e d ;  
a f t e r  s t a n d in g  f o r  f iv e  m in u t e s  t h e  e x t r a c t  w a s  s e p a r a t e d  f r o m  t h e  c o a r s e r  s e d im e n t .  
A  k n o w n  q u a n t i t y  o f  t h is  w a t e r  e x t r a c t  w a s  t h e n  ta k e n  f o r  t h e  d e t e r m in a t io n  o f  
q u a n t i t y  o f  a r g in a s e  p r e s e n t .
E d l b a c h e r  a n d  R o t h l e r  f o u n d  t h a t  th e  m a x im u m  a c t i v i t y  w a s  o b t a in e d  w h e n  
t h e  r e a c t io n  o f  th e  m e d iu m  w a s  9-5 p H  a t  a  t e m p e r a t u r e  o f  38° C .  F o r  e ach  
e s t im a t io n  a d e f in it e  q u a n t i t y  o f  10 c .c .  o f  t h e  w a t e r  e x t r a c t  w a s  ta k e n  to  w h ic h  
w e r e  a d d e d  5 c .c .  o f  g l y c o c o l l - N a C l - N a O H  o f  p H  9-5 , t h e n  10 c .c .  o f  1 p e r  c e n t, 
a r g in in e  c a r b o n a t e  s o lu t io n ,  a n d  a  f e w  d r o p s  o f  t o lu o l .  T h i s  w a s  c o r k e d  and 
p la c e d  in  a  t h e r m o s t a t  a t  38° C .  f o r  o n e  h o u r .  A t  th e  e n d  o f  o n e  h o u r  t h e  fe r m e n t  
w a s  d e s t r o y e d  b y  b o i l i n g  f o r  a b o u t  15 m in u t e s .  I n  e a c h  c a s e  c o n t r o l  e x p e r im e n t  
w i t h o u t  a r g in in e  c a r b o n a t e  w a s  c a r r ie d  o u t .  N e x t  th e  s o lu t io n  w a s  c o o le d ,  a n d  the 
p H  b r o u g h t  to  7 b y  t h e  a d d it io n  o f  p h o s p h a t e  b u f f e r  s o lu t io n .  T h e  m i x t u r e  w as 
h y d r o l y s e d  w i t h  u r e a s e  ( s o y a  b e a n  p o w d e r )  a n d  t h e  e v o lv e d  a m m o n iu m  d r iv e n  to 
a  k n o w n  v o l u m e  o f  iV /50 H 2S 0 4 b y  p a s s in g  a  c u r r e n t  o f  a ir  t h r o u g h  t h e  a p p a ra tu s . 
F i n a l l y  t h e  a m m o n iu m  f o r m e d  f r o m  t h e  u r e a  s e p a r a te d  f r o m  a r g in in e  c a rb o n a te  
w a s  e s t im a t e d  b y  t i t r a t in g  t h e  e x c e s s  o f  H 2S 0 4 w i t h  N /50 N a O H .  F o r  a c o m p a r a t iv e  
s t u d y  i t  is  d e s ir a b le  t h a t  s o m e  d e f in it e  u n i t  b e  c h o s e n  f o r  m e a s u r in g  t h e  a m o u n t 
o f  t h e  e n z y m e  p r e s e n t — f o r  t h is  I  h a v e  c h o s e n  t h e  u n i t  a d o p t e d  b y  E d l b a c h e r  and 
R o t h le r .  T h e  u n i t  o f  a r g in a s e  is  t h e  q u a n t i t y  r e q u ir e d  to  p r o d u c e  f r o m  10 c .c .  of 
a  1 p e r  c e n t ,  a r g in in e  c a r b o n a t e  s o lu t io n  to  w h i c h  h a s  b e e n  a d d e d  5 c .c .  of 
g l y c o c o l l - N a C l - N a O H  o f  p H  9-5 a t  38° C .  d u r i n g  t h e  p e r io d  o f  60 m in u t e s  such 
a n  a m o u n t  o f  u r e a  w h i c h  o n  b e i n g  t r e a t e d  w it h  u r e a s e  p r o d u c e s  0-34 m g .  o f  am ­
m o n iu m .
R E S U L T S .
I n  b ir d s ,  k i d n e y  is  t h e  o r g a n  r ic h e s t  in  a r g in a s e .  T h i s  f i n d i n g  is  in  c o n fo r m ity  
w it h  o t h e r  w o r k e r s .  N e x t  to  th e  k id n e y ,  te s t is  s t a n d s  h i g h  f o r  t h e  p r e s e n c e  o f  the 
e n z y m e .  T h e  e x a c t  a m o u n t  v a r ie s  in  d i f f e r e n t  i n d iv id u a ls ,  b u t  a t  t h e  s a m e  tim e 
t h e r e  is  a lw a y s  a  s i g n i f ic a n t  a m o u n t  p r e s e n t  in  t h e  m a te r ia ls  e x a m in e d .  'This 
f in d in g  is  in  a c c o r d a n c e  w i t h  th e  w o r k  o f  E d l b a c h e r  a n d  R o t h l e r  b u t  in  co n tra st 
to  t h a t  o f  C le m e n t i ,  H u n t e r  a n d  D a u p h i n e e .  C l e m e n t i ,  H u n t e r  a n d  D a u p h in e e  
d id  n o t  f in d  a n y  a r g in a s e  in  t h e  l i v e r  o f  b ir d s ,  w h i l e  E d l b a c h e r  a n d  R o t h l e r  fou n d 
q u i t e  a n  a p p r e c ia b le  a m o u n t .  I n  m y  m a t e r ia l  t h e  q u a n t i t y  p r e s e n t  in  th e  liver,
h o w e v e r ,  is  s m a l le r  th a n  in  e i t h e r  th e  k i d n e y  o r  th e  te s t is .  O u t  o f  th e  l iv e r s  o f  
32 b ir d s  e x a m in e d ,  o n ly  11 s h o w e d  a n y  t r a c e  o f  th e  e n z y m e ,  a n d  th e  a m o u n t  
p re s e n t w a s  v e r y  s m a ll .  I t  m a y  b e  t h a t  th e  e n z y m e  is  n o t  u n iv e r s a l ly  p r e s e n t  in  
th e  l iv e r  o f  b ir d s ,  o r  t h a t  t h e  v e r y  s m a ll  q u a n t i t y  w h i c h  is  u s u a l ly  p r e s e n t  h a s  
e sc a p e d  e x t r a c t io n  in  t h e  a b o v e  21 o u t  o f  32 c a s e s .
R E P R O D U C T IV E  O R G A N S .
A s  w a s  m e n t io n e d  a b o v e ,  t h e r e  is  a c e r t a in  a m o u n t  o f  a r g in a s e  p r e s e n t  in  th e  
testis  a n d  a ls o  in  th e  v a s  d e f e r e n s .  N o  a r g in a s e  w a s  e v e r  f o u n d  in  th e  o v a r y ,  
o v id u c t , o r  in  t h e  o v a .  T h i s  in d ic a t e s  t h a t  th e  p r e s e n c e  o f  a r g in a s e  in  th e  r e p r o ­
d u ctiv e  o r g a n s  is  a s e x - d i m o r p h i c  c h a r a c t e r .
O T H E R  O R G A N S .
S e v e r a l d e t e r m in a t io n s  w i t h  t h y r o i d ,  t h y m u s ,  h e a r t ,  s p le e n ,  p a n c r e a s  a n d  b lo o d  
o f fo w ls  d id  n o t  r e v e a l  t h e  p r e s e n c e  o f  a n y  tr a c e s  o f  a r g in a s e .  T h e  o r g a n s  o f  
17 b ir d s  w e r e  e x a m in e d  f u l l y  f o r  q u a n t i t a t iv e  e s t im a t io n  o f  th e  e n z y m e ,  a n d  th e  
results o b ta in e d  h a v e  b e e n  t a b u la t e d  in  T a b l e  I .
Arginase Content in the Fowl 9 9














































1 Bantam 490 17-625 68-032 2-625 18-90 o-75 8-25 95-18 0-194
2 )) 504 9-00 57-3° 3-oo 15-27 0 0 57-3° 0-113
3 ) > 51^ 25-125 82-912 6-625 5 i -4 i 0 0 I34-32 0-259
4 > > 560 I5-75 64-10 o-75 3-27 0 0 67-37 0-120
5 > > 588 11-50 55-o8 1-50 9-91 0 0 65-00 o-n o
6 f > 672 9-25 44-40 1 -oo 8-50 0 0 52-90
0090
7 >) 686 7'75 53-63 2'75 23-18 0 0 71-41 o-l 12
8 ) > 756 22-125 139-387 4-00 23-52 o-75 15-50 178-41 0-235
9 Ancona 1876 22-75 286-65 2-25 21*01 0 0 307-66 0-163
Average c? 15-65 2-72 o-i53
iP)
























o f body 
wt.
1 Bantam ? 448 6-50 28-405 1-50 16-65 45-05 o-ioo
2 >> 462 6-75 30-71 0 O 30-71 0-066
3 ) ) 462 9-5o 40-37 0-25 3-86 44-23 0-095
4 ) ) 504 13-00 55-90 0 0 55-90 o-i 10
5 504 18-00 80-28 0 0 80-28 0-159
6 >> 518 17-50 88-37 0 0 88-37 0-170
7 > ) 518 12-25 45-32 0 0 45-32 0-087
8 >y 532 10-25 40-48 0-25 3’79 44-28 0-083
Average $ 11-71 0-107
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T h e  r e s u lt s  o b t a in e d  h a v e  b e e n  d iv i d e d  in t o  t w o  s e c t io n s  («) a n d  (b ) a c c o r d in g  
to  t h e  s e x  o f  th e  b ir d s .  I n  b o t h  t h e  s e c t io n s ,  t h e  f ig u r e s  h a v e  b e e n  a r r a n g e d  
a c c o r d i n g  to  th e  a s c e n d in g  o r d e r  o f  th e  b o d y  w e i g h t  o f  th e  in d i v i d u a ls .  I t  is 
e v i d e n t  f r o m  th e  f ig u r e s  t h a t  th e  a v e r a g e  a r g in a s e  v a lu e  o f  t h e  m a le s  is  h ig h e r  
t h a n  t h a t  o f  t h e  fe m a le s .  T h e  v a lu e  f o r  f e m a le s  (0-107) ^ 9 ‘ 9 P e r  c e n t ,  o f  th a t
o f  m a le s  (0-153). T h e  a v e r a g e  n u m b e r  o f  u n i t s  p e r  g r a m  o f  th e  k id n e y  o f  th e  
m a le s ,  w h i c h  is  15-65, is  a ls o  h i g h e r  th a n  t h a t  o f  th e  f e m a le s ,  w h i c h  is  1 1 -7 1 . T h i s  
la t t e r  is  74-8 p e r  c e n t ,  o f  th e  f o r m e r .  F r o m  th e  a b o v e  f ig u r e s  i t  is  p r o v e d  th a t 
t h e r e  is  a  s e x - d i m o r p h i s m  w i t h  r e g a r d  to  a r g in a s e  c o n t e n t  in  f o w ls ,  a n d  t h a t  th e  
h i g h e r  a r g in a s e  v a lu e  is  a s s o c ia t e d  w i t h  m a le n e s s .
O R I G I N  O F  T H E  E N Z Y M E .
I t  h a s  b e e n  s h o w n  t h a t  t h e r e  is  n o  a r g in a s e  in  th e  o v a r y  o r  in  th e  m a t u r e  ova, 
b u t  t h e r e  is  a  s i g n i f ic a n t  a m o u n t  in  t h e  te s t is  a n d  v a s  d e f e r e n s .  T h e  q u e s t io n  
t h e n  a r is e s  h o w  th e  n e w  i n d iv id u a l  c o m e s  to  p o s s e s s  th e  e n z y m e .  I t  is  p r o b a b le  
t h a t  th e  f e r t i l i s e d  o v u m  g e ts  its  a r g in a s e  f r o m  th e  m a le  t h r o u g h  t h e  s p e r m a t o z o a . 
A  f e w  e g g s  w e r e  e x a m in e d  w h i c h  s h o w e d  n o  tr a c e  o f  th e  p r e s e n c e  o f  th e  e n z y m e . 
T h i s  is  p e r h a p s  d u e  to  th e  s m a ll  a m o u n t  o f  th e  e n z y m e  i n t r o d u c e d  b y  t h e  s p e r m a ­
t o z o a .  A  f e w  n e w l y  h a t c h e d  c h ic k s  w e r e  e x a m in e d  a n d  s h o w e d  th e  p r e s e n c e  of 
a  s i g n i f ic a n t  a m o u n t  o f  th e  e n z y m e .  T h r e e  c h ic k s  w e r e  s t u d ie d  f o r  q u a n t it a t iv e  
e s t im a t io n ;  th e  r e s u lts  o b t a in e d  a r e  g iv e n  b e lo w .  T h e  te s te s ,  o w i n g  to  t h e i r  sm all 
s i z e ,  w e r e  n o t  e x a m in e d .












Units per gm. 
o f body wt.
1 -AO 38-0 0-32 o-75 0-019
2 9 33'5 0-25 2-50 0-074
3 0 42-0 0-40 2'00 0-047
Average 0-046
I t  is  s e e n  t h a t  th e  e n z y m e  a r g in a s e  w h i c h  w a s  n o t  d e t e c t a b le  in  t h e  u n in c u b a te d  
e g g s  c a n  b e  e s t im a t e d  a s s o o n  a s th e  e g g s  a r e  h a t c h e d .  C l e m e n t i  f o u n d  a r g in a s e  in 
h u m a n  e m b r y o  a s e a r ly  a s  f o u r  m o n t h s .  I t  w o u l d  b e  o f  in t e r e s t  to  d e te rm in e  
a f t e r  h o w  m a n y  d a y s  o f  i n c u b a t io n  t h e  e g g s  s h o w  a n  a p p r e c ia b le  a m o u n t  o f  the 
e n z y m e  a n d  a ls o  w h e t h e r  i t  h a s  a n y  r e la t io n  to  t h e  t im e  o f  s e x - d i f f e r e n t i a t i o n .
A p a r t  f r o m  t h e  f o w l  m a t e r ia l ,  o n ly  a  f e w  s p e c im e n s  o f  l i v e r  a n d  te s t is  of 
m a m m a ls  w e r e  e x a m in e d .  W i t h  r e g a r d  to  th e  t e s t is  o f  a  c a t  a n d  a  r a b b i t ,  i t  c a n  be 
s t a t e d  th a t  b o t h  e x h ib i t e d  th e  p r e s e n c e  o f  a r g in a s e  w h i c h  is  c o n t r a r y  to  t h e  fin d in g  
o f  H u n t e r  a n d  D a u p h i n e e ,  b u t  in  a g r e e m e n t  w i t h  t h o s e  o f  E d l b a c h e r  a n d  R o th ler.
A s  r e g a r d s  th e  f u n c t i o n  o f  th e  e n z y m e ,  v e r y  l i t t le  is  a s  y e t  k n o w n  e x c e p t  that 
i t  h y d r o ly s e s  a r g in in e  in to  o r n it h in e  a n d  u r e a .  A s  t h e  r e s u l t  o f  h i s  re se a rc h e s , 
C le m e n t i ,  w h o  d id  n o t  f in d  a n y  a r g in a s e  in  l i v e r  o f  b i r d s ,  b u t  f o u n d  it  in  the
liv e r  o f  m a m m a ls ,  a m p h ib ia n s  a n d  f is h e s ,  e n u n c ia t e d  t h e  d o c t r in e  t h a t  a r g in a s e  is  
p re sen t in  th e  l i v e r  o f  a ll t h o s e  a n im a ls  w h i c h  h a v e  w h a t  h e  c a lls  a  “ u r e o t e l i c ”  
m e ta b o lis m , t h a t  is  in  w h i c h  u r e a  is  th e  f in a l p r o d u c t  o f  p r o t e in  d e g r a d a t io n ,  a n d  
a b se n t f r o m  th e  l iv e r  o f  t h o s e  in  w h ic h  p r o t e in  m e t a b o l is m  is  “  u r i c o t e l i c ” — e n d in g  
in u r ic  a c id .  S i n c e  th e  w o r k  o f  E d l b a c h e r  a s w e l l  a s  th e  r e s u lts  o f  th e  p r e s e n t  
in v e s t ig a tio n  d o  n o t  s h o w  t h a t  a r g in a s e  is  t o t a l ly  a b s e n t  f r o m  th e  l iv e r  o f  b ir d s ,  
it is ra th e r  d i f f ic u lt  t o  a c c e p t  h is  d o c t r in e .
I  h a v e  g r e a t  p le a s u r e  in  t h a n k in g  D r  C r e w  f o r  th e  h e lp  a n d  e n c o u r a g e m e n t  h e  
has g iv e n  d u r in g  th e  c o u r s e  o f  th is  s t u d y .
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F ish  a n d  H a y d e n  ( 1 9 2 6 )  h a v e  p r e s e n te d  c e r t a in  d a t a  o f  t h e i r  o w n  a n d  
of p r e v io u s  i n v e s t i g a t o r s  ( W e ls c l i ,  1 9 2 3 ;  S u s t c h o w a ,  1 9 1 0 )  c o n c e r n in g  
th e  e r y t h r o c y t e  c o u n t  in  th e  s e x u a l l y  n o r m a l  a n d  a b n o r m a l  p ig ,  s h e e p , 
an d  g o a t . O t h e r  d a t a  r e c o r d e d  b y  M a k o t i n e  ( 1 9 1 0 )  r e l a t i n g  to  th e  
horse, c a t ,  a n d  s h e e p  a r e  r e f e r r e d  to  in  a  p a p e r  b y  B l a c h e r  ( 1 9 2 6 ) ,  
w h ic h  d e a ls  m a i n l y  w i t h  th e  fo w l.  I n  v i e w  o f B l a c h e r ’s f in d in g s ,  D r  
C re w  s u g g e s te d  t h a t  i t  w o u ld  h e  p r o f i t a b le  to  e x a m in e  th e  e r y t h r o c y t e  
c o u n t in  c e r t a in  f o w ls ,  w h ic h ,  h a v i n g  o n c e  f u n c t io n e d  a s  h e n s , h a d  
u n d e rg o n e  c o m p le t e  s e x - t r a n s f o r m a t io n  to  b e c o m e  fe c u n d  a n d  p o t e n t  
cock s.
T h e  f ig u r e s  g iv e n  b y  B l a c h e r  a r e  a s  f o l l o w s :—
TA B LE  I.
Sex. No. Maximum. Minimum. Average.
Normal S S • 26 4,440,000 3,060,000 3,772,000
Normal ? ? . 33 3,688,000 2,116,000 2,870,200
Castrated & & 9 3,010,000 2,000,000 2,716,000
Ovariotomised -f V 5 2,940,000 2,460,000 2,822,000
Incomplete & . 1 3,340,000
Feminised 6 (Ovary + Testis) 1 2,860,000
B la c h e r  c o n c lu d e s  t h a t  th e  n u m b e r  o f  e r y t h r o c y t e s  (a n d  a ls o  th e  
q u a n t it y  o f h a e m o g lo b in )  is  lo w e r  in  th e  h e n  th a n  in  th e  c o c k :  t h a t  
a fte r  g o n a d e c to m y  th e  n u m b e r  f a l l s  in  t h e  m a le , w h e r e a s  in  th e  c a s e  o f  
th e  fe m a le  th e r e  is  n o  s i g n i f ic a n t  c h a n g e ;  a n d  t h a t  c l i m a t i c  v a r ia t io n s  
an d  d if fe r e n c e s  in  h u s b a n d r y  c a n  b e  r e s p o n s ib le  f o r  a  c o n s id e r a b le  
v a r ia b i l i t y  in  th e  e r y t h r o c y t e  c o u n t .
I n  o r d e r  to  e s t a b l is h  s t a n d a r d s  w i t h  w h i c h  th e  s e x u a l l y  a b n o r m a l 
b ird s m ig h t  b e  c o m p a r e d , th e  f o l lo w in g  d a ta  w e r e  s e c u r e d . T h e  e n u m e r a ­
tion  w a s  m a d e  b y  th e  u s e  o f  th e  T h o m a  Z e is s  h s e m o c y to m e te r ,  th e  b lo o d  
b e in g  d i lu te d  1  in  200..
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TA B LE  II.
Adults.
s s ? 9
No. Breed. Count No. Breed. Countpor c.mm. por c.nim.
1 F, Light Sussex ? 4,448,000 1 Rhode Island Red . 3,568,000
x Red Sussex
2 15 11 4,832,000 2 19 • 3,032,100
3 1 91 4,160,000 3 5 5 9 9 2,968,000
4 1 11 4,632,000 4 19 2,072,000
5 3,968,000 5 Barred Rock . 3,456,000
6 1 11 4,656,000 6 19 3,072,000
7 9 1 11 4,760,000 7 5 1 3,336,000S 19 99 5,200,000 8 White Leghorn 2,696,000
9 9 9 5 9 4,544,000 9
Sussex Cross .
3,832,000
10 9 9 9 9 4,472,000 10 2,S96,000
11 H 59 4,080,000 11 ,, 3,336,000
12 51 11 4,544,000 12 ,, 3,256,000
13 Campine 4,984,000
Highest . . . 5,200,000 Highest . . . 3,832,000
Lowest . . . 3,968,000 Lowest . . . 2,072,000
Average . . . 4,560,000 Average . . . 3,127,000
T h e  m e a n  c o u n t , in  th o u s a n d s ,  o f  th e  n o r m a l m a le  is  4 ,5 6 0  ±  6 3 ;  th a t  
o f  th e  n o r m a l f e m a le  3 ,1 2 7  ±  85. T h e  d if fe r e n c e  is  1 ,4 3 3  ±  10 6 , b e in g  
1 3 ‘5 t im e s  i t s  p r o b a b le  e rro r , a n d  t h e r e fo r e  s ig n if ic a n t .  T h is  f in d in g  is 
i n  g e n e r a l  a g r e e m e n t  w i t h  t h a t  o f  B la c h e r .
I n  o r d e r  to  f in d  o u t  w h e t h e r  o r  n o t  b a n ta m s  e x h ib i t e d  t h is  se x  
d im o r p h is m , th e  f o l lo w in g  d a ta  w e r e  c o l l e c t e d :—
TA B LE  III .
Bantams.
6 S 9 9
No. Count No. Breed. Count
1 Old English Game . 5,512,000 1 Old English Game . 3,784,000
2 5 5 15 5,112,000 2 ,, ,, 3,400,000
3 51 55 5,280,000 3 , ,  ,, . 3,600,000
4 » 4,968,000
Average . . . 5,218,000 Average . . . 3,594,000
I t  is  se e n  t h a t  t h is  s e x - d im o r p h is m  is  e v id e n c e d .
I n  o r d e r  to  f in d  o u t  w h e t h e r  o r n o t  t h is  s e x - d im o r p h is m  w a s  e x h ib it e d  
b y  s e x u a l ly  im m a t u r e  fo w ls ,  th e  f o l lo w in g  d a ta  w e r e  c o l l e c t e d :—
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TA B LE  IV.
6 6 9 9
No. Breed. Count Countper c.mm. per c.mm.
1 White Leghorn 3,296,000 1 Barred Rock . 3,696,000
2 , ,  , , 4,048,000 2 3,744,000
3 59 59 3,936,000 3 3,296,000
4 5 5 ? 9 • 2,968,000 4 4,296,000
5 5 5 5 5 • 3,168,000 5 9 5 9 5 3,600,000
6 5 5 9 9 • 4,072,000 6 59 , 9 4,368,000
7 Barred Rock . 3,736,000 7 3,136,000
8 5 5 55 • 3,112,000
Average . . . 3,603,000 Average. . . 3,656,000
I t  is  se e n  t h a t  th e r e  is  n o  d if fe r e n c e  in  th e  m a t t e r  o f  e r y t h r o c y t e  
n u m b e r  b e tw e e n  s e x u a l l y  im m a t u r e  m a le  a n d  fe m a le  fo w ls .
H a v i n g  th u s  e s t a b l is h e d  s t a n d a r d s  fo r  c o m p a r is o n , i t  w a s  p o s s ib le  to  
p ro ce e d  to  th e  e x a m in a t io n  o f  c e r t a in  c la s s e s  o f  s e x u a l l y  a b n o r m a l b ird s .
TA B LE  V.
No. Breed.
Average Number of Erythrocytes per c.mm. in two determinations at a Week’s Interval.
(a) Gases of Complete Sex-Reversal.
1 White Leghorn . . . . 5,672,000
2 Ancona x Rhode Island Red 4,636,000
3 Wyandotte . . . . . 3,384,000
4 Leghorn x Wyandotte 4,744,000
5 Brown Leghorn . . . . 5,244,000
6 „ 3,656,000
A verage ................................. 4,556,000
(b) Cases of Incomplete Sex-Reversal.
7 Light Sussex . . . . 5,052,000
8 Rhode Island Red 3,872,000
9 Houdan x Leghorn . 4,700,000
10 White Leghorn . . . . 3,164,000
11 Rhode Island Red 4,420,000
12 White Leghorn . . . . 4,272,000
13 55 55 • • • 4,644,000
14 „ 4,440,000
A vera ge ................................. 4,320,500
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T h e  a v e r a g e  o f  t h e s e  a b n o r m a l b ir d s  is  4 ,4 2 1 ,0 0 0 , a  f ig u r e  m u c h  n e a r e r  
t h a t  o f  th e  n o r m a l m a le  th a n  t h a t  o f  th e  n o r m a l fe m a le .
T h e  f o l l o w i n g  e x p e r im e n t a l  b ir d s , c o c k e r e ls  a n d  p u l le t s ,  w e r e  n e x t  
e x a m in e d  ( o n ly  o n e  d e t e r m in a t io n  w a s  m a d e ).
TA B L E  V I.
No. Description of Bird. Count per c.mm.
1 Brown Leghorn & with implanted testis 
from Silver Campine
3,496,000
2 Do. do. do. 4,000,000
3 Silver Campine & castrated 3,184,000
4 Silver Campine S with implanted ovarian 
tissue
3,000,000
5 Brown Leghorn ? with implanted testis . 3,044,000
6 Silver Campine 9 with implanted testis . 4,424,000
/ Brown Leghorn $ with extra ovarian 
tissue implanted
2,480,000
8 Do. do. do. 2,784,000
T h e r e  is  n o t h in g  v e r y  s i g n i f ic a n t  in  th e s e  f ig u r e s . I t  is  w o r t h y  of 
n o te , h o w e v e r ,  t h a t  th e  c o u n t  in  th e  fe m a le  w i t h  e x t r a  o v a r ia n  t is s u e  is 
d i s t i n c t l y  lo w e r  t h a n  th e  fe m a le ,  th o u g h  n o t  s i g n i f i c a n t ly  so s in c e  i t  
c o m e s  w it h in  th e  r a n g e  e x h ib i t e d  b y  th e  n o r m a ls ,  a n d  a ls o , a s  w a s  n o te d
b y  B la c h e r ,  t h a t  in  th e  c a s t r a t e d  m a le  th e  n u m b e r  is  lo w e r  th a n  t h a t  o f
th e  n o r m a l m a le .
I  w is h  to  e x p r e s s  m y  g r a t i t u d e  to  D r  C r e w  fo r  th e  h e lp  w h ic h  h e  h a s  
g iv e n  to  m e  d u r in g  th e  c o u r s e  o f  t h is  s t u d y .
S u m m a r y .
1 . T h e  n u m b e r  o f  e r y t h r o c y t e s  in  a  u n i t  v o lu m e  o f b lo o d  is
s i g n i f i c a n t l y  h ig h e r  in  th e  s e x u a l l y  n o r m a l  a d u l t  m a le  th a n  in  th e
n o r m a l a d u l t  fe m a le  o f  th e  fo w l.
2. T h is  d if fe r e n c e  in  e r y t h r o c y t e  c o u n t  is  n o t  e x h ib i t e d  b y  s e x u a l ly  
im m a t u r e  fo w ls .  I n  c a s e s  o f  s e x - r e v e r s a l ,  th e  n u m b e r  is  m u c h  n e a r e r  
t h a t  o f  th e  n o r m a l m a le  th a n  t h a t  o f  th e  n o r m a l fe m a le .
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THE EPPECT o f  SUB-CUTANEOUS INJECTION o f
I N T R O D U C T I O N
I t  seems a d eb atab le  q u e s t io n  whether th ere  
i s  a d i f f e r e n t i a l  e f f e c t  of a lc o h o l  on male and f e ­
male producing spermatozoa when the  m ales are t r e a t ­
ed w ith  a lco h o l«
STOCKAKD & PAPANXCOLAON found an abnormal 
s e x - r a t i o  from g u in e a -p ig s  where the  parent and an ­
c e s t o r s  were tr e a te d  w ith  a lc o h o l  fume. BLUHM 
tr e a te d  male m ice w ith  e t h y l - a lc o h o l  by in j e c t i o n  
method and found a r i s e  in  th e  r e s u l t in g  s e x -r a t io »
On the o th er  hand, MACDOWELL & LORD tr e a te d  
mice w ith  a lc o h o l  by fu m ig a tio n  method, but found no 
d i f f e r e n c e  in  th e  s e x - r a t i o  a s  compared w ith  the  
normal. I t  has been shown th a t  the germ c e l l  can be 
a f f e c t e d  by a lc o h o l  -  such as  t r e a t in g  g u in e a -p ig s  
w ith  a lc o h o l  fume. STOCKARD & PAPANICOLAON found 
more p r e -n a ta l  m o r t a l i t y  and more abnormal progeny  
and r e d u c t io n  in  the  l i t t e r  s i x e .  Working w ith
f o w ls /    _ _  ̂       . ̂ ..____   .
* A paper on t h i s  s u b je c t  has been a c ce p ted  fo r  pub­
l i c a t i o n  in  th e  B r i t i s h  Journal of Experim ental  
B io lo g y .
fo w ls  PEARL found red u c tio n  i n * f e r t i l i t y 1, and h i s  
su g g e s t io n  on the e f f e c t  of a lc o h o l  on germ c e l l ,  i s  
th a t  a l c o h o l  and s im i la r  su b stan ces  a c t  a s  s e l e c t i v e  
a g e n ts  upon the  germ c e l l s  o f  t r e a te d  an im als .  
MACDOWELL (1922) t r e a te d  w h ite  r a ts  w ith  fumes of 
a lc o h o l  and found a r e d u c t io n  in  f e r t i l i t y «
4
C on sid er in g  the e f f e c t  of a lc o h o l  on f e r t i ­
l i t y  in  the  above c a s e s ,  i t  i s  q u ite  c le a r  th a t  the  
a lc o h o l  fume a c t s  a s  a s e l e c t i v e  agent on the  germ 
c e l l s  by e l im in a t in g  the  l e s s  r e s i s t a n t  ones. I t  i s  
probable a l s o ,  th a t  a lc o h o l  has the  e f f e c t  o f reduc­
in g  the  a c t i v i t y  o f  th e  germ c e l l .
At t h i s  s ta g e  r e fe r e n c e  might be made to  
the i n t e r e s t i n g  work o f  COLE & DAVIS (1914) w ith  
r a b b i t s .  They found when two male ra b b its /m ated  to  
one fem a le , s u p e r fo e t a t io n  occurred , and part of the  
r e s u l t in g  l i t t e r  o f  .young were s ir e d  by one male or 
tlie o th e r .  One male was found to  have s ir e d  the  
m a jo r ity  of young of a g iven  l i t t e r ,  and in  the t o t a l  
number o f  c o m p et it io n  m a tin gs . This male w ith  the  
f e r t i l i s i n g  advantage was then tr e a te d  w ith  a lc o h o l  
by the in h a la t io n  method. As a r e s u l t  o f  t h i s  t r e a t ­
ment h i s  sperms became a f f e c t e d  in  such a way th a t  
mated in  c o m p et it io n  w ith  the same male he norm ally  
had b e a te n ,  he now f a i l e d  to  s i r e  any young, y e t  
when/
when mated s i n g ly  or a lo n e  w ith  a fem ale , he s t i l l  
p o s se s s e d  the power to  b e g e t  o f f s p r i n g . . This ex ­
periment shows how a sh o r t  a lc o h o l  treatm ent may 
weaken the  f e r t i l i s i n g  a b i l i t y  o f  spermatozoa.
In the l i g h t  of t h i s  experim ent, one i s
V
l e d  to th in k  whether x and y  spermatozoa would not 
be d i f f e r e n t l y  a f f e c t e d .  The r e s u l t  of the p r e v i ­
ous work in  t h i s  l i n e  i s  c o n f l i c t i n g ,  so the o b je c t  
of t h i s  paper i s  to  p r e se n t  the r e s u l t  o f  an e x p e r i­
ment which was c a r r ie d  out to  throw more l i g h t  on 
the s u b j e c t .
MATERIAL
The experim enta l animals used were A lbino  
M ice. The s t r a i n  was from a s t o c k  kept in  th e  h e -  
partment and then bred . The data covers the sex  
record  f o r  74-0 in d iv id u a l s ,  o f  which 3 3 & came from 
m atings where the  fa th e r  had been t r e a te d  w ith  
a lc o h o l  and 4 04- came from normal m atings.
METHOD.
The in d iv id u a l  mice s e l e c t e d  fo r  each  
group was by random method, but care  was taken th a t  
t o o /
to o  many younger or o ld er  mice were not in c lu d ed  in  
one group. The mice were bred in  sm all b o x es . In 
each b reed in g  box 2 m ales and 3 to  4 fem ales  were 
k ep t , In the  t h ir d  week of pregnancy each fem ale  
was removed to  sm a lle r ,  s e p a r a te  boxes t i l l  p a r tu r i ­
t i o n .  This procedure was taken t o  prevent the l i t ­
t e r s  b e in g  ea ten  by o th er  m ice , and a l s o  to  prevent  
the mixing up o f  two or more l i t t e r s .  A f te r  p a r tu r i­
t i o n ,  each l i t t e r / s e x e d  and the mother returned to  
the b reed in g  box. and re-m ated . As regards se x in g ,
each l i t t e r / f i r s t  sexed on e x te r n a l  c h a r a c te r s ,  and
/ v
then most of them confirm ed by examining the gonads 
a f t e r  d i s s e c t i o n .  I t  might be s ta t e d  th a t  th ere  i b U A  
no erro r  in  the data due to  s e x in g .
In the  case  o f  the experim ental group the  
m ales were t r e a te d  w ith  a l c o h o l .  The mode of t r e a t ­
ment was by sub-cutaneous i n j e c t i o n  Oji the back; The 
a lc o h o l  used was 2 0 /  ethyl a l c o h o l .  The dose a p p lie d  
was *2 cc . to  s t a r t  w ith ,  then i t  was in c re a se d  to  
-25 c c .  A dose of 25”30^ a lc o h o l  proved f a t a l .
The m ales in  th e  tr e a te d  group were in j e c t e d  on 
a l t e r n a t e  days.
With a l i t t l e  p r a c t i c e  i t  was q u ite  easy to  
do the i n j e c t i o n .  A fo ld e d  h an dk erch ief  was wrapped 
round/
round the mouse, and i t  was h e ld  "by the  t a i l  w ith  
the l e f t  hand, thus l e a v in g  th e  r ig h t  hand f r e e  to  
do th e  i n j e c t i o n .
RESULTS.
A lthough i t  i s  not the  purpose of t h i s  
paper to  s tu d y  the e f f e c t  of a lc o h o l  so t r e a t e d ,  on 
the in d iv id u a l s  th e m se lv e s ,  y e t  one or two words 
might "be sa id  about the behaviour  of the in d iv id u a l s  
a f t e r  trea tm en t. The e f f e c t  produced a f t e r  in j e c t i o n  
i s  somewhat l i k e  the  e f f e c t  on the g u in e a -p ig s  a s  
noted by STOCKARD & P APAUIGOLAOh, when th e  dose  
of a lc o h o l  was g iv e n  through th e  mouth to th e  stomach
V _____
but i t  was not so a c u te .  The mice showed s ig n s  of 
in t o x i c a t i o n ,  but i t  was not a com plete  stupor« They 
were in t o x ic a t e d  q u ite  a lo n g  tim e. Again the i n t o x i ­
c a t io n  was not so acu te  in  the  method by i n j e c t i o n ,  
as i t  was when a mouse was tr e a te d  w ith  fumes of a l ­
cohol fo r  an hour. According to  STOCKAHD the e f f e c t  
of in h a la t io n  i s  a sh ort  a cu te  e f f e c t  - w h ile  a lc o h o l  
in  the stomach i s  g r a d u a lly  and c o n tin u o u s ly  absorbed! 
fo r  a c o n s id e r a b le  l e n g t h  o f  t im e , so th a t  the animal 
t i s s u e  i s  a c te d  upon fo r  hours a f t e r  r e c e iv in g  the  
d o s e . /
6 .
d ose . The same may he sa id  fo r  th e  in j e c t i o n  method. 
A fte r  the i n j e c t i o n  th e  l iq u id  i s  g r a d u a l ly  absorb-
<4 ẑt=>
ed in t o  th e  body. The o b je c t  of treatm ent meing to  /
a f f e c t  th e  g e m  c e l l s  i f  p o s s i b l e ,  so the lon ger  th e
e f f e c t  rem ains the  g r e a te r  i s  the  p o s s i b i l i t y .  This
experim ent has been d ir e c t e d  to  t e s t  whether the
treatm en t would have a d i f f e r e n t  e f f e c t  on the x  and 
b ea r in g
y  sperm atozoa. I f  th ere  i s  any d i f f e r e n c e  then i t  
may be p o s s ib le  to  d e te c t  t h i s  by examining the r e ­
s u l t i n g  s e x - r a t i o .  I f  th ere  i s  a s i g n i f i c a n t  d i f f e r ­
ence in  the s e x - r a t io , s o  ob ta in ed , from th a t  of a 
normal c o n t r o l ,  where the m ales have not been t r e a t ­
ed, then i t  i s  sure th a t  e i t h e r  the one sex  or the  
oth er  i s  s u f f e r in g .  This might be due t o : -
(1 )E x c e s s iv e  p r e -n a ta l  m o r ta l i t y  f a l l i n g  on one 
sex  - or
( 2 )During f e r t i l i s a t i o n  one sex  s u f f e r s  some 
s o r t  o f d isa d v a n ta g e .
As regards the f i r s t  j6aus<  ̂ MACDQVffiLL & LORD ( 1 9 2 6 }
have shown th a t  in  the mouse th e re  i s  no continuous
s e l e c t i v e  e l im in a t io n  o f  one sex  or  the other b e fo re
b i r t h .  As regards the  second reason , i f  one o f  th e  ;
two k in d s  of spermatazoa (x or y )  are  a f f e c t e d  more,
then the sex  f e r t i l i s e d  by th a t  kind o f  spermatozoa
w i l l  s u f f e r .
I f  th ere  i s  any v a r ia t io n  in  the se x  r a t io




from th e  t r e a t e d  males , then i t  may probably he due 
o the l a t t e r  ca u se .
The r e s u l t s  ob ta in ed  from such m atings  
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The number of l i t t e r s  obtained, from both  
the exp er im en ta l and th e  c o n tr o l  groups have been  
arranged accord in g  to  th e  month in  which they were 
born. The f i r s t  part of TABLE I .  g iv e s  data of 
the a l c o h o l i c  group, the  second p art g iv e s  th at of 
the  norma,!. The s e x - r a t i o  and the percentage  o f  
males fo r  each month, in  the  f i r s t  part of the  Table 
are h ig h er  than th o s e  in  the  s e c o n d  part of the  
Table . The mean p ercen tage  o f  ¿'  3  w ith  i t s  probable  
error in  the  a l c  o h o lic .g r o u p 1 3 ?%1 * 3 2 and the mean
percen tage  o f  ? ! S w i t h  i t s  probable error in  the  
normal group i s  42-$2+  1» 6 5 . The d i f f e r e n c e  w ith  
i t s  probable  erro r  i s  11*94+2*45 showing in  favour  
of th e  a l c o h o l i c  group. The d i f f e r e n c e  i s  about  
f i v e  t im es  i t s  own probable  error  which appears to  
be s t a t i s t i c a l l y  s i g n i f i c a n t .
The probable  e r r o r s  fo r  th e  above were
c a lc u la t e d  from the form ula 0*6745 P.Q, a s  used by
IT
PEARL(1 9 1 7 ) .
The normal s e x - r a t i o  in  mice by SGHULTZE,
as m entioned by PARKE S i s  app rox im ate ly  equal,
w h ile  COPEMAl! & PARSOIT n o te  the number of S '1 s
o
i s  s l i g h t l y  in  e x c e s s  of the +Ts .  PARKES found a
0
t o t a l  s e x - r a t i o  o f  11 8 * ^  per 100 + ’ s .  BLUHM founu  
7 9 * 3 6  per 1 0 0  + ’ s fo r  h i s  c o n t r o l s ,  by own - --
f o r /
1 0 »
fo r  the  normal i s  74*3, which i s  a low f ig u r e  com­
pared w ith  th e  f i g u r e s  mentioned above. This low  
f ig u r e  m ight be due to  a c e r t a in  e x te n t  to  the i n ­
f lu e n c e  o f  th e  breed ing  season  as observed by PARKES. 
According to h i s  Table I .  (p*326) he g e t s  49*7±1*78$|
’ s from March to  June a s  compared to  5 6 - J f l * 2 7 /  
from J u ly  to  O ctober.
DISGUSSIOh.
TABLE I .  shows th a t  the treatm ent of  
a lc o h o l  r a i s e s  the  s e x - r a t i o  in  m ice . This might  
q u ite  p o s s i b l y  be due to a lc o h o l  having a weakening  
e f f e c t  on fem ale  producing sperm atozoa, thus g iv in g  
a b e t t e r  chance to  th e  male producing spermatozoa  
in  the  co m p etit io n  to  f e r t i l i s e  the ova.
BLUHM a l s o  found th a t  the s e x - r a t i o  was 
r a is e d  in  mice when th e  m ales were tr e a te d  w ith  
a lc o h o l  by i n j e c t i o n .  She found 5 6 *2-% ^ 3 from 
tr e a te d  S / s  w h ile  4 8 - f rom u n trea ted  m ales .
STOCKAHD & PAPANICOLAOU'S work on 
g u in e a -p ig s  w ith  a lc o h o l  by the  fu m igation  method, 
confirm s th a t  the treatm ent of paren ts  and a n c e s to r s  
w ith  a lc o h o l  has a d i s tu r b in g  e f f e c t  on th e  s e x -  
r a t i o /
1 1 .
r a t i o .  They found th a t  when th e  male parent or male 
and fem ale p a r e n ts ,  or male a n c e s to r s  or male and 
fem ale a n c e s to r s  were t r e a te d ,  the s e x - r a t i o  was 
r a is e d ,  hut i t  was low ered when th e  fem ale parent or 
fem ale  a n c e s to r s  on ly  were t r e a t e d .
MACDOWELL & LORD tr e a te d  mice w ith  a l c o ­
h o l fumes, hut found no v a r ia t io n  in  th e  s e x - r a t i o .
PEARL t r e a t i n g  the dom estic  fow l w ith  a l ­
cohol fumes, found no s i g n i f i c a n t  d i f f e r e n c e  in  the  
sex es  produced in  th e  a l c o h o l i c  and normal c o n tro l  
s e r i e s .
R ecen t ly  DARFORTH ( 1 9 2 6 ) found th a t  the  
s e x - r a t i o  was r a is e d  by t r e a t i n g  the male mice w ith  
e th y l  a lc o h o l  fumes. The mice were tr e a te d  t w ic e  a 
day a t  l e a s t  fo r  one hour. He found a s e x - r a t i o  128, 
from th o se  t r e a t e d ,  a s  a g a in s t  1 0 3 * 2  from th o se  un­
t r e a t e d .
HARSOR & HEY’S ( 1 9 2 5 ) t r e a te d  Albino r a t s  
fo r  ten g e n e r a t io n s ,  r i s in g  out of a s in g le  p a ir ,  and 
conclude th a t  a lc o h o l  does not m odify the s e x - r a t i o .  
But they g e t  a d i f f e r e n c e  of 3*72+1"21 in  the  t o t a l s  
showing in  favour  o f  the t r e a te d  group. They g e t  a 
d i f f e r e n c e  f o r  7  out of 9  g e n e ra t io n s  in  fa v o u r  o fth e  
tr e a te d  group, hut the probab le  erro rs  are h ig h  which  
i s  g r e a t ly  dependent on the numbers in v o lv ed .
CREW/
1 2 .
GREW ( 1 9 2 6 ) t r e a te d  A lbino male mice w ith  
fumes o f  a l c o h o l ,  but no s i g n i f i c a n t  d is tu rb a n ce  of  
the s e x - r a t i o  was observed .
C on sider in g  a l l  th e  c a se s  s ta te d  above , i t  
i s  d i f f i c u l t  to  say why in  some c a se s  a lc o h o l  i s  
found to m odify the s e x - r a t i o ,  w h i le  in  o th ers  i t  
seems to  have no e f f e c t .  I t  i s  probable th a t  a lc o h o l  
i s  e f f e c t i v e  in  m odify ing  the s e x - r a t i o  i f  the mat­
ing  tak es  p la c e  when th ere  i s  s t i l l  some a lc o h o l  in  
the a n im a l’ s t i s s u e ,  or perhaps i f  the  dose be 
se v e r e  enough.
CONCLUSION.
I t  i s  p o s s i b l e  to  m odify the 3 e x -r a t io  in  
mice by i n j e c t i n g  e th y l  a lc o h o l  su b -eu ta n eo u sly  in to  
the back of m ales p r io r  to  b reed in g . The work i s  a t  
l e a s t  in keejjing w ith  some workers on th e  s u b je c t .
I arn g r e a t l y  ind eb ted  to  Dr.!F.A.S.Crew fo r  
su g g e s t in g  t h i s  p ie c e  of work, and fo r  the  ad v ice  
and encouragement he gave me.
BLUHM, A.
II
COLE, L. < 
CREW, F.A
DAREORTH, 
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THE IODINE CONTENT o f  th e  THYROID o f
FOWL w i t h  REFERENCE t o  AGE and  SEX
tne
*
* Has been a c ce p ted  fo r  p u b l ic a t io n  in  B r i t i s h  
Journal o f  Experim ental B io lo g y .
The IODINE CONTENT o f  t i le  THYROID o f  t i l e  FOWL
WITH REFERENCE t o  AGE an d  SEX.
Tiie io d in e  co n ten t  o f  tiie th y r o id s  o f  c e r ta in  
anim als , a s  e s t im a te d  by p rev io u s  worlcers on t i i i s  
su b je c t ,  i s  shown in  the fo l lo w in g  ta b le
TABLE I
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0 . 3 4 9  1 S e i d e l l .
j
0 .2 2 0  j S e i d e l l .
0 .3 3 2  1 Marine and
•
I L en h a rt .
0 . 0 9 3  !¡j
Cameron.
0*166 S e i d e l l .





0 .2 3 1  !' Marine and
1
L en h art.
0 . 4 8 3  : Cameron.
I t  i s  n o t ic e d  th at among th e se  f ig u r e s  there  
i s  c o n s id e r a b le  d i s p a r i t y .  Some i s  d o u b t le s s  due 
t o /
to  e r r o r s  and d i f f e r e n c e s  in  methods o f  i n v e s t i g a ­
t i o n ,  Much, no doubt, i s  the r e f l e c t i o n  o f  the 
f a c t s  that the io d in e  con ten t i s  an i n d ic a t io n  o f  
tne r e l a t i v e  f u n c t io n a l  c o n d it io n  o f  the th y r o id  
and tnat tne a c t i v i t y  o f  tne tn y r o id  v a r ie s  w ith  
t n e  sea so n , w itn  tne phases o f  tne rep rod u ctive  
c y c le ,  w itn  n e a l t n ,  w itn  d i e t ,  and so f o r t h .  I t  i s  
3 esn  tn at in  the l i s t  the io d in e  con ten t o f  the  
tn y r o id  o f  the b ir d  i s  g r e a te r  than in  tne case  of  
the mammal.
The th y r o id s  o f  h e a lth y ,  f r e s h ly  k i l l e d  a n i­
mals were c a r e f u l ly  and c le a n ly  removed, and th or­
oughly d e s ic c a te d  over c o n c en tr a ted  H2SO^, When
j ■ ^
p e r f e c t ly  dry, the t i s s u e  was a c c u r a te ly  weighed,
In the case  o f  the fow l the  t o t a l  th y r o id  t i s s u e  o f  
each in d iv id u a l  was used , K e n d a l l ' s  method fo r  the  
e s t im a t io n  o f  io d in e  was employed, In order to  ob­
v ia t e  any v a r ia t i o n  in  io d in e  con ten t due to  season  
(Marine and Lenhart, 1 9 2 2  5» t h i s  study was complet­
ed during tne sp r in g ,
I




Twelve: w hite  Wyandotte c o c k e r e l s  from the same1 
p aren ta l pen, o f  the same age, and a l l  kept under 
i d e n t i c a l  c o n d i t io n s ,  were u sed . The on set o f  sex­
ual m atu r ity  was determ ined by h i s t o l o g i c a l  examin­
a t io n  o f  tne t e s t e s .  I t  was found tn a t  spermato­
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I t  i s  seen  th a t  at 14’ weeks, that i s ,  a t  the  
time o f  se x u a l  m a tu r ity ,  in  t h i s  s to c k ,  the io d in e  
content becomes higher* The s u g g e s t io n  wnich emerges 
from th e se  f i g u r e s  i s  th a t  the  io d in e  con ten t  i s  
higher in  the s e x u a l ly  mature b ir d ,  the in c r e a se  
being a s s o c ia t e d  w ith  the  e s ta b l ish m e n t  o f  a c t i v e  
sp erm atogen es is .  In the case  o f  the dog, MARINE and 
WILLIAMS- ( 1 9 0 8 ) reco rd  a low io d in e  co n ten t  in  in ­
d iv id u a ls  under 6 months old*
II
THE IODINE CONTENT and SEX'.
EENGER ( 1 9 1 2 - 1 3  ) in  the case  o f  c a t t l e  f o e t u s e s ,
found that the  io d in e  co n ten t  o f  tne fem ale th y r o id  
was h igh er  than th a t  o f  the male and su g g e s te d ,  th e r e ­
fo re ,  th a t  the fem ale  th y r o id  was f u n c t i o n a l l y  more 
a c t iv e  than th a t  o f  the male f o e t u s  o f  the  same age*
In order to  examine t h i s  q u e s t io n  o f  a p o s s ib l e  s e x -  
dimorphism o f  t h i s  k ind  in  the fo w l ,  14 a d u lt  bantams 
(Old E n g lish  Game) were examined,
5»
TABLE/
TABLE I I I









IODINE OF THE 
DESICCATED THYROID
1 0 , 0 0 9 0 .040 5 0 . .4 5 0
2 0 , 0 2 -0 0 , 2 2 0 0 1 . 2 0 0
5 0 . 0 1 2 0 » 0 6 8 0 0 . 5.66
4 cT 0.-009 0 , 0 3 8 5 0 , 6 5 0
& 0 , 0 1 2 0 , 0 7 4 8 0 . 6 2 3 ;
6 0 . 0 1 0 0 . 0 5 8 5 0 , - 5 8 5
7 0.012- 0 » 0 6 6 9 0 , 5 5 ?
Aver­
age V 0 . 6 4 7  + 0 . 0 4 9
11 V 0 .0 1 0 0 , 0 3 6 0 0 , 5 6 0
2: V 0 .0 1 2 0 . 0 9 9 0 0 . 8 2 3
3 V 0 .0 1 2 0 ,0 7 7 0 ,6  41
4 V 0 .0 1 0 o ,o  4 9  6 0 , 4 9 6
5>. ? 0 ,0 1 2 0 . 0 6 5 7 - 0 , 5 3 .0
6 V 0 , 0 1 3 0 , 0 8 6 3 ^ 0 ,5 7 5
7 V
.




O.5 .6 3  ±  0.033
The d ifference i s  0.084 + 0.0578 which i s  1.4 times 
i t s  own probable error, and i s  s t a t i s t i c a l l y  ney lip ib le .  
These/ •
7*
These f i g u r e s  afford, no ev id en ce  th a t  in  the  
case o f  th e se  fo w ls  a sex-dim orphism  in  the m atter  
of io d in e  co n ten t  o f  the th y r o id  e x i s t s .
I I I .
THE IODINE CONTENT Of the.THYROIDS o f  MAMMALS and
BIRDS- COMPARED.
In order to examine anew the su g g e s t io n  which 
appeared in  TABLE 1» th a t  the io d in e  co n ten t  of the 
b ird  'was h ig h er  than th a t  o f  the mammal, I made use  
of whatever m a te r ia l  hecame a v a i la b le  and the r e s u l t  
of the exam in ation  o f  th e se  specim ens i s  g iv e n  in  
the? fo l lo w in g  t a b l e .  In  the case  o f  the la r g e r  
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From th e se  f i g u r e s  i t  would appear to  he the 
case th a t  the io d in e  co n ten t  o f  the  th y r o id  o f  the  
b ird  i s  ind eed  h ig h er  than th a t  o f  the th y r o id  of  
the mammal. I t  d id  not seem rea so n a b le  to  a s c r ib e  
any s i g n i f i c a n t  p a r t - o f  t h i s  d i f f e r e n c e  to  d i f f e r ­
ences in  r e p ro d u c t iv e  a c t i v i t y ,  in  food , or in  gener­
a l  h e a l th ,  and a l l  were a d u lt  in d iv id u a ls»
I w ish  to  e x p r e ss  my thanks to  DR. F .A .E . CREW, 
who c a l l e d  my a t t e n t i o n  to the p o s s ib l e  i n t e r e s t  o f  
th i s  s tu d y , fo r  h i s  h e lp  during i t s  c o u r se .
SUMMARY/
1 0  «
S U M M A R Y .
1. The io d in e  co n ten t  o f  tne th y r o id  o f  the  sex­
u a l ly  imrrjature male fow l i s  lower than tn a t  
o f  the th y r o id  o f  the s e x u a l ly  mature. The 
in c r e a s e  in  io d in e  con ten t  i s  c o in c id e n t  
w ith  the a tta in m en t o f  se x u a l  m a tu r ity  as 
e s t im a te d  Py the h i s t o l o g i c a l  p ic tu r e  o f  the 
t e s t i s .
2h I n  the case  o f  the m a te r ia l  used th ere  was no 
in d ic a t io n  o f  a sex-dim orphism  in  tne m atter  
o f  io d in e  c o n te n t ,
S. The average p ercen ta ge  o f  io d in e  co n ten t  o f  
the th y r o id  o f  the P ir d  i s  s i g n i f i c a n t ! y 
h ig h er  than th a t  o f  the mammal.
I .
CAMEROE 
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Ly
A.W. GREENWOOD, P h .D ..  and A.C. CHAUDHURI. B .S c .
I N T R O D U C T I O N .
The work o f  HERTWIG- ( I 9 I 2 ) on the fro g  has 
shown th a t  " o v e r -r ip e n in g 11 o f  the eggs le a d s  to  an 
e f f e c t i v e  m o d if ic a t io n  o f  the s e x - r a t i o  in  the d i r e c ­
t io n  of an in c r e a se d  prod u ction  o f  m ales .
ADLER ( I 9 2 O) examining the th y r o id s  of the l a r ­
vae a r i s in g  from such "over-r ip e"  f e r t i l i z e d  eggs  
found th a t  they  are la r g e r  than in  normal in d iv id u a l s ,  
and th a t  the d i f f e r e n t i a t i o n  o f  the th y r o id  g land  
occurs a t  an e a r l i e r  s ta g e  in  development than th a t  of  
the gonad. From t h i s  study the h y p o th e s is  was formu­
la te d  th a t  the la r g e r  and h y p er fu n ct io n in g  th y r o id  had 
in f lu en ced  the p r o c e s s e s  o f  sex u a l d i f f e r e n t i a t i o n  of  
the gonad o f  the g e n e t i c  fem ale in. the male d i r e c t io n .
RIDDLE ( I 9 I 4 - I 9 I 6 ) and WHITMAN ( I 9 I 9 ) working  
with the p igeon  dem onstrated th a t  from b ir d s  made to  
produce many eggs during the r ep ro d u ctiv e  season  there  
a r ise  more males diiring the e a r ly  part (Spring) and 
more fem ales l a t e r .  The m ale-producing eggs o f  the  
early  season  were found to  he sm a ller  than the fem ale-  
producing eggs e la b o r a te d  l a t e r  in  the Summer.
RiDDLE regards the m ale-producing ova o f  the Spring as  
°va e x h ib i t in g  a r e l a t i v e l y  h igh  m etab o lic  r a te  and 
-t-emale-producing ova o f  the l a t e r  season  as c e l l s  o f a 
lower m eta b o lic  r a t e .
RIDDLE & FISHER ( I 9 2 5 ) in  a more r ec en t  paper  
have shown th a t  the  p er io d  of most abundant male pro­
-  2 -
duction  i s  the  phase o f  the r ep ro d u c tiv e  season  char­
a c te r iz e d  by the l a r g e s t  th y r o id  s i z e  in  the parent  
and th e se  auth ors conclude th a t  s u c c e s s f u l  m o d if ic a ­
t io n s  o f  s e x - d i f f e r e n t i a t i o n  have been e f f e c t e d  through 
changes in  the r a te  o f m etabolism  in  the ova and e a r ly  
embryos.
The f o l lo w in g  experim ents were d es ig n ed  w ith  a 
view to  determ in ing  whether or not an e le v a t io n  of the  
m etabolic  r a te  in  the ch ick en  embryo, a t  a s ta g e  in  
i t s  development b e fo re  the v i s i b l e  d i f f e r e n t i a t i o n  o f  
the rep ro d u c tiv e  organs has occurred , would r e s u l t  in  
a m o d if ic a t io n  o f  the  p r o c e s s e s  o f  se x u a l  d i f f e r e n t i a ­
t io n .
-  3 -
T E C H N I Q U E .
WXLLIER (1924) by g r a f t in g  th y ro id  t i s s u e  on 
to the c h o r io a l la n t o i c  membrane of the d eve lop in g  
chick embryo o b ta in ed  a number of dwarfed specim ens.
The small s i z e  and the  em aciated  c o n d it io n  o f  th e se  
embryos were regarded as  s ig n s  o f  h y p er-th yro id ism  
r e s u l t in g  in  an in c r e a se d  m etabolism . In th e se  e x ­
perim ents, however, i t  was found th a t  the e a r l i e s t  
favourable time fo r  the im p la n ta t io n  o f  the th y r o id  
t i s s u e  was the n in th  or t e n th  day o f  in c u b a t io n , a t  a 
stage , th a t  i s ,  when the se x u a l  d i f f e r e n t i a t i o n  o f  the  
gonads had a lread y  occu rred . To o b v ia te  t h i s  d i f f i ­
cu lty  the fo l lo w in g  procedure was adopted in  t h i s  s e r ­
ie s  o f exp er im en ts .
At the t h ir d  day o f  in c u b a tio n  ( i . e . , a t  a 
stage in  developm ent when no dem onstrable d i f f e r e n t i a ­
tion  of the gonads in to  t e s t i s  or ovary has occurred)  
a preparation  o f  the a c t i v e  p r in c ip le  o f  the th y ro id  
gland ( th y r o x in )  d i s s o lv e d  in  s a l i n e  was i n j e c t e d  in to  
the a ir  space o f  the eg g . An a l t e r n a t i v e  method of  
in je c t in g  the th y r o x in  d i r e c t l y  in to  the albumen was 
tr ied , but was found to  be u n s a t i s f a c t o r y  as the i n ­
creased l o c a l  p r e ssu re  produced numerous cracks in  the  
sh e l l  r a d ia t in g  from the a p er tu re  through which the  
f lu id  was in j e c t e d .
The th y r o id  p r e p a r a tio n  used  was the mono-sodium 
s a l t  o f  th yrox in  prepared by the B r i t i s h  Drug Houses.
After removal o f the egg to  'be in j e c t e d  from the i n ­
cubator, the broad end o f the  s h e l l  was rubbed w ith  a 
pad soaked in  7 0 $ a l c o h o l ,  then  by means o f  a f in e  
denta l burr a sm all h o le  was d r i l l e d  in  the s h e l l  in  a 
l in e  at r ig h t  a n g le s  to  the lon g  a x i s  o f the egg and 
at a p o in t about one cen tim e tr e  from the apex. The 
so lu t io n  o f  th y r o x in  was then in trodu ced  in to  the a ir  
cav ity  by means o f  a hypodermic sy r in g e  w ith  a f i n e ,  
s l i g h t l y  curved n e e d le .  xf the  a ir  space had been  
s u c c e s s f u l ly  punctured the  d is p la c e d  a ir  could  be seen  
bubbling from the h o le  in  the s h e l l .  When a l l  the  
air  was d is p la c e d  the n e e d le  was q u ic k ly  withdrawn, 
the aperture in  the s h e l l  s e a le d  w ith  p l a s t e r  o f  P a r is  
and the egg re tu rn ed  to  th e  in cu b a to r .
The eggs used  fo r  c o n t r o l s  were su b je c te d  to  
the same exp erim en ta l trea tm en t save th a t  s t e r i l e  s a l t  
so lu t io n  was i n j e c t e d  in s te a d  o f  the th y ro x in  s o l u ­
t ion .
S tr in g e n t  a s e p t i c  p r e c a u t io n s  were taken during  
the course of the  o p e r a t io n s .
The maximum amount o f  f l u i d  th a t  can be i n t r o ­
duced in to  the a i r  space  o f  the  egg a t  the t h ir d  day 
of incub ation  was found to  be in  the  neighbourhood o f  
2ccs^ put there  was c o n s id e r a b le  v a r ia t io n  in  the s i z e  
of the a ir  space and u s u a l ly  on ly  about 1 c c .  o f  f l u i d  
was in je c te d ;  in  the  t a b le  the volume of f l u i d  i n ­
jected  i s  not s t a t e d  but the a c tu a l  q u a n t ity  o f  th y ­
roxin in j e c t e d  i s  g iv e n .
-  4 -
In the e a r ly  part o f  t h i s  e x p er im en ta tio n , the  
dose of th y ro x in  g iv e n  was c a lc u la t e d  from the io d in e  
content of the  th y r o id  o f  an a d u lt  b ir d  per gram of  
body w e ig h t .  T his was found to  be approxim ately  
0.000g4 mgrms. o f  io d in e  per gram of body w e ig h t . On 
the b a s i s  o f  the approximate average w eight o f  the  
eggs used  ( 5 0  grams) an amount of th yrox in  e q u iv a le n t  
to 0 .012  mgrms. o f  io d in e  was u sed . S ince  the  mono­
sodium s a l t  o f  th y r o x in  i s  composed o f  61%  by w eight  
of io d in e ,  the  dose o f  th y r o x in  to  be i n j e c t e d  on the  
b a s is  c a lc u la t e d  above i s  approxim ately  0 .0 2  mgrms.
As an extrem ely  heavy m o r ta l i ty  r e s u l t e d  from th e se  
early  experim ents some r e d u c t io n  in  the dose was 
n ecessa ry . S o lu t io n s  of the  fo l lo w in g  s tr e n g th s  were 
made up fo r  i n j e c t i o n i -
1 . 0 .0 2  mgrms. o f  th y r o x in  per c c .  o f  s a l i n e .
2 . 0 .0 1 6  " " " 11 " " "
3. 0 .0 1  n M M M H " M
4 .  0 .0 0 2  " "  M 11 " 11 "
Although th e s e  c o n c e n tr a t io n s  were p rod u ctive  
oi a r e l a t i v e l y  h ig h  d e a th -r a te  in  the  in j e c t e d  eggs  
the dose was not fu r th e r  d ecreased  as a maximum e f f e c t  
on the embryos was d e s ir e d .  The t o t a l  number o f  eggs  
used in  th e se  exp er im en ts  was 226. Of th e se  I 9 O r e ­
ceived  i n j e c t i o n s  o f  th y r o x in  w h ile  3 6  r e c e iv e d  i n j e c ­
t ion s  o f  s a l i n e  o n ly .  That the number of c o n tr o ls
-  5 -
-  6 -
used was sm all compared to  the number of eggs r e ­
c e iv in g  the th y ro x in  was due to  the f a c t  th a t  the  
prelim inary ex p er im en ta tio n  showed th a t  the  death -  
rate  was l i k e l y  to  be extrem ely  h igh  from th e se  th y ­
roxin i n j e c t i o n s ,  and, w ith  only  a l im i t e d  number of  
eggs a v a i la b l e ,  i t  was d e s ir e d  to  o b ta in  as many 
experim ental embryos as p o s s i b l e .
The eggs  used  fo r  the  experim ents were from a 
pen of L igh t Su ssex  hens mated w ith  a Rhode I s la n d  Red 
cock (a s e x - l in k e d  c r o s s )  so th a t  the g e n e t ic  sex  o f  
the embryo cou ld  be determ ined by m acrosco p ica l exam­
in a tion  of the plumage.
On removal from the incub ator  fo r  exam ination  
of the embryos a t  vary in g  p e r io d s  during in c u b a t io n ,  
namely the 1 0 th ,  1 1 th ,  16 th  or 1 7 th  days, the eggs  
were opened and i d e n t i f i c a t i o n  of the  sex  by an exam­
in a tio n  o f  the  plumage was made. The y o lk  was then
removed and the  embryos w eighed. This was fo l lo w e d
by a d i s s e c t i o n  and exam ination  o f  the  rep ro d u c tiv e  
system a f t e r  which the  gonads were removed to  a f i x i n g  
f lu id  ( A l l e n ’ s m o d i f ic a t io n  o f  Bouin) fo r  subsequent  
h i s t o l o g i c a l  exa m in ation .
-  7  -
I t  was found th a t  out o f  a t o t a l  of I 9 0  eggs  
In jec ted  w ith  th y r o x in  only  3 9  embryos su rv iv ed  the  
e f f e c t  of the  trea tm en t and were a l i v e  a t  the time of  
exam ination. That the c a u sa l  f a c t o r  of t h i s  h igh  
m o rta lity  was the th y ro x in  and was not due to  the e x ­
perim ental method employed was shown by the  f a c t  th a t  
the eggs used a s  c o n t r o l s ,  which underwent a p r e c i s e ly  
s im ilar  exp erim en ta l trea tm en t ex cep t  th a t  s a l in e  
alone was i n j e c t e d ,  showed a very much lower death -  
r a te . Of the 36 eggs i n j e c t e d  as c o n tr o ls  9 9  su r ­
vived u n t i l  the  tim e o f  exam in ation . The d e a th -r a te  
in the th yrox in  i n j e c t e d  eggs was th e r e fo r e  7 9 . 5  ̂
while th a t  in  the eggs i n j e c t e d  w ith  s t e r i l e  s a l i n e  
was only 1 9 . 5 $ .
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No d e v ia t io n  from the normal development of the  
rep rod u ctive  system  e i t h e r  in  the embryos from th y ro x ­
in - in j e c t e d  eggs or in  the c o n tr o l  embryos was en­
countered. F u rth er , the sex  of the in d iv id u a l  as  
determined by an in t e r n a l  exam ination  of the  embryo 
in v a r ia b ly  agreed  w ith  the sex as determ ined by i n ­
sp ec t io n  o f  the down c o lo u r a t io n .
The w e ig h ts  o f  the  experim en ta l and c o n tr o l  
embryos o b ta in ed  are g iv e n  in  Table I . ,  and a lthou gh  
the numbers were not very la r g e  i t  w i l l  be r e a d i ly  
seen th a t  some of the c h ick s  have been markedly a f f e c t ­
ed by the th y r o x in .  This i s  n o t  n o t i c e a b le  in  those
embryos examined in  the second week o f  in c u b a t io n .
The embryos which can be co n s id ered  as  showing 
symptoms o f  h y p erth yro id ism  are co n f in ed  to  those  
examined on the 16th  and 1 7 th  day o f  in c u b a tio n  (w ith  
p o ss ib ly  one embryo a t  the 1 1 th  day o f  in c u b a t io n ) .
I t  would thus seem th a t  the e f f e c t  o f the th y ro x in  i s  
not r e f l e c t e d  in  the g ro w th -ra te  o f the embryo u n t i l  
some p o in t  l a t e r  than the 1 0 th  or 1 1 th  day o f  incuba­
t io n .  Exam ination o f  the embryos which d id  not  
survive the i n j e c t i o n  showed th a t  th ere  were two peaks 
of m o r ta l i ty ,  one soon a f t e r  the i n j e c t i o n  and the  
other about the t w e l f t h  day o f  in c u b a t io n .
The f a c t s  th a t  no marked e f f e c t  on the in j e c t e d  
embryo i s  shown u n t i l  a t  l e a s t  the 1 1 th  day o f  incuba­
t io n , and a l s o  th a t  around t h i s  p er iod  th ere  i s  a
-  9 -
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decided r i s e  in  the m o r ta l i ty  r a te  su g g es t  th a t  the  
embryo r e a c t s  to  the th y ro x in  a t  a p a r t i c u la r  d ev e lo p ­
mental s t a g e .  On the o th er  hand i t  i s  obvious th a t  
such r e s u l t s  would be a l s o  e x p l ic a b le  i f  i t  cou ld  be 
shown th a t  through p h y s ic a l  in t e r f e r e n c e  the thyrox in  
did not become absorbed in t o  the embryonic c i r c u la t i o n  
u n t i l  t h i s  t im e.
As th e re  i s  ap p a ren tly  no d i r e c t  c o r r e la t io n  
between the amount o f  th y r o x in  in j e c t e d  and the e f f e c t  
on the embryo i t  would seem that, an a p p re c ia b le  amount 
i s  l o s t  and i s  not a v a i la b le  fo r  a b so rp tio n  in to  the  
embryonic c i r c u l a t i o n .  in  t h i s  con n ec tio n  th ere  are  
at l e a s t  th ree  s e t s  o f  f a c t o r s  to  be c o n s id er ed .
(1) The e a r l i e s t  s ta g e  a t  which the area  
v a s c u lo s a  o f  the ch ick  has extended  
s u f f i c i e n t l y  to  b r in g  i t  in t o  c lo s e  
p ro x im ity  to  th a t  part o f  the in n er  s h e l l  
membrane u n d e r ly in g  the a i r  sp ace .
(2) The p e r m e a b i l i ty  of the inner s h e l l  
membrane and la y e r  o f  albumin to  the  
th y r o x in .
(3)  E vaporation  o f  the f l u i d  from the a ir  
space and d e p o s i t io n  of th y ro x in  on the  
membrane.
I t  th e r e fo r e  becomes n e c essa ry  to  show t h a t ,  i f  
the favourable  c o n d i t io n s  fo r  the  a b so rp tio n  o f  the  
thyroxin depend on the e x te n s io n  o f  the area v a sc u lo sa  
over the su r fa c e  o f  the in n er  s h e l l  membrane under the  
aih space, th e se  c o n d i t io n s  are p r e sen t  b e fo re  the end 
of the 6th  day o f  in c u b a t io n  when d i f f e r e n t i a t i o n  of  
the gonads f i r s t  can be s a t i s f a c t o r i l y  dem onstrated.
Examination of a number o f  eggs r e v e a le d  the  
fa c t  th a t  a t  the  3rd day a sm all c r e s c e n t i c  area of  
the v a sc u lo sa  o v e r la p s  the  inner membrane. This  
gradually  in c r e a s e s  u n t i l  a t  the  6th  day the c o n d i- 
t io n s  fo r  a b so rp t io n  from the whole su r fa ce  o f  the  
inner s h e l l  membrane are r e a l i s e d .
P re lim in ary  experim ents were made to  determ ine  
approxim ately the r a te  of a b so rp t io n  o f  f l u i d  through  
the inner s h e l l  membrane to  the  egg . A bsorption  was 
found to  take p la c e  r a p id ly .  Two and a quarter  hours 
a f te r  the i n j e c t i o n  the  a i r  space was found to  be 
nearly  dry w h ile  the rem aining in j e c t e d  eggs examined 
a fter  a p er iod  o f  24  hours were found to  have com p lete­
ly  absorbed the  f l u i d .  A lthough the c o n d it io n s  of  
incubation  are n o t  such th a t  rap id  evap o ra tio n  of  
moisture from the egg i s  c o n c e iv a b le ,  i t  was thought  
p r o f ita b le  to  determ ine approxim ately  the r a te  o f  
evaporation of f l u i d  from the su r fa c e  o f  the egg . For 
th is  experim ent f i v e  eggs were "blown'1, 2  ccs. o f  s a l in e  
were in j e c t e d  and the a p ertu re  in  the s h e l l  then  
sea led . The eggs were p la ced  in  the incubator  and 
removed a f t e r  2 4  hours and the  volume of the unevapor­
ated s a l in e  was determ ined . The l o s s  by evap ora tio n  
varied from 3 0 -5 0 $ . S in ce  n e a r ly  a l l  the f l u i d  in  
the a ir  sac d isa p p ea r s  w ith in  2  hours o f  i n j e c t i o n ,
the l o s s  due to  e v a p o r a tio n  need not be co n sid ered  
here .
H i s t o lo g i c a l  exam ination  o f  the gonads from
-  11 -
both the t h y r o x in - in j e c t e d  ch ick  embryos and c o n tr o ls  
was made. There was no in d ic a t io n  th a t  the th yrox in  
a f f e c t s  in  any way the normal p ro cess  of d i f f e r e n t i a ­
t io n  of a n  i n d i f f e r e n t  gonad in to  ovary or t e s t i s .
in  the  fem ale embryo which had r e c e iv e d  
thyrox in , the c a n a l i c u l i s a t i o n  o f  the m edullary cord s,  
the secondary p r o l i f e r a t i o n  of se x -c o r d s  -from the  
germinal e p ith e l iu m , and the form ation o f  the so -  
c a l le d  l u t e a l  t i s s u e  had proceeded e x a c t ly  as in  the  
gonads from c o n tr o l  embryos.
Moreover, from an exam ination of the ovary of  
con tro l embryos a t  the 16th  or 1 7 th  day i t  was seen  
that the c e l l s  formed by the secondary p r o l i f e r a t i o n  
had en tered  in t o  the prophase of the f i r s t  m aturation  
d iv i s io n .  S im i la r ly  the  n u c le i  o f  the secondary se x -  
cords of the o v a r ie s  from t h y r o x in - in j e c t e d  embryos 
showed th a t  the same s ta g e  o f  the m e io t ic  prophase had 
been reached .
I t  i s  thus seen  th a t  fa r  from inducing  g ro ss  
h i s t o l o g i c a l  m o d i f ic a t io n s  in  the s tr u c tu r e  of the  
ovary th y ro x in  in  th e se  d o ses  and in j e c t e d  in to  the  
a ir  space a p p aren tly  does n o t  even a f f e c t  the  r a te  a t  
which the p r o c e s s e s  o f  d i f f e r e n t i a t i o n  occur.
No h i s t o l o g i c a l  d i f f e r e n c e s  in  s tr u c tu r e  b e ­
tween the t e s t e s  from th yrox in  in j e c t e d  males and 
contro l males were found.
-  12 -
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The results of this experimentation show that 
it is possible by injecting thyroxin into the air 
space of the incubating egg to produce dwarfing of 
chick embryos, this dwarfing being due presumably to 
the raising of the metabolic rate. These results are 
similar to those of W1LLIER who did not use thyroxin 
but implanted thyroid tissue from fowls on to the 
chorioallantoic membrane of the developing chick 
embryo. It is reasonable to accept his conclusions 
that such modifications as reduction in size and ema­
ciation of the body are to be regarded as hyper­
thyroid symptoms and mean that metabolism was increased, 
more particularly an acceleration of catabolism over 
anabolism.
When the bearing of these results on the 
question of the relation between metabolism and sex- 
determination is examined, it is seen that neither in 
the experiments of WILLiER nor in these of the present 
series was this increased metabolism productive of any 
modifications in the processes of sexual differentia­
tion. Assuming that male is to be distinguished from 
female by a higher metabolic rate, it is of course to 
be expected on the above hypothesis that this treat­
ment would affect only those embryos which are genetic 
females producing a modification of the processes of 
«exual differentiation in the male direction . As the
D I S C U S S I O N .
-  14 -
grafts of the thyroid tissue were made hy WiLLiER at 
a time when the differentiation of the gonad had 
already proceeded some considerable way, it is perhaps 
not reasonable to expect such modifications to be 
produced by this technique. As the injections of 
thyroxin were made at a stage in the development of 
the embryo at which no demonstrable differentiation of 
the gonads had occurred, it might be deduced from the 
results of the present series of experiments on chick 
embryos that the theory that an increased metabolism 
tends toward the production of a high sex-ratio has 
not been upheld.
ft cannot be said however that the results 
recorded here can lead as yet to any definite conclus­
ion as to the validity of the hypothesis, for although 
the injections were made at the third day of incubation 
no effect on the embryo was observed until, at the 
earliest, the 11th day of incubation. That the effect 
of the injections does not take place until about this 
stage in incubation is also shown by the fact that 
there is a definite peak of mortality in the experi­
mental embryos about the 12th day of incubation.
The present paper is of the nature of a
.
preliminary report. It will be necessary to determine 
by further experimentation whether the apparently 
delayed action of the thyroxin is a specific character­
istic of the substance itself, acting on the developing
chick only at a definite stage in development, or 
whether the results obtained were due to mechanical 
hindrances hy which the absorption of the thyroxin 
into the embryonic circulation was not effected until 
some considerable time after the injection .of the 
solution into the air space of the egg.
-16-
S U M M A R Y.
1. An attempt was made to determine in the developing 
fowl embryo whether an increase in the metabolic 
rate would lead to a. modification of the processes 
of sexual differentiation.
2. The method employed to raise the metabolic rate 
was the in/jeetion of the active principle of the 
thyroid gland into the air space of the incubating 
egg.
3. The injections were made during the third day of 
incubation, that is, at a time before the differen­
tiation of the gonads in the two sexes can be 
demonstrated.
4. Of the 190 eggs injected with thyroxin, 39 embryos 
survived of which 12 were markedly affected, reduced 
size of embryos being an indication of a marked 
hyper-thyroidism which has resulted in an increase 
in the metabolic ra.te.
5. No effect on the processes of sexual differentiation 
in either sex was found.
6. The effect of the injections was not apparent before 
the eleventh day. It will be attempted in a further 
series of experiments to determine whether this is 
a/
-17-
a specific reaction of the thyroxin or whether it 
is due to mechanical hindrances to the absorption 
of the thyroxin into the festal circulation until 
a considerable time after the injection.
7. These experiments can not at present lead to any 
definite conclusion as to the relation between 
increased' metabolism and the processes of sexual 
di ffe rentiation.
■pTGr T-  ~ 9 JL. et
Photograoh of three embryonic chicks at 1 7 th day of 
incubation which received thyroxin: injection along 
with one control which received no thyroxin. The 
treated ones show reduction in size due to high meta 
belie rate of growth. From batch 7*
FIG. IT
Photograph of two embryonic chicks, at 17 th day of 
incubation which received thyroxin injection along 
with one control which received no thyroxin. From 
ba.te}.i 11.
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A STUDY on the PIGMENTATION of the 
. HIMALAYAN RABBIT.
Attention has recently Been directed to 
the question of pigmentation in the Himalayan 
Rabbit, this Breed Being white except for the legs, 
tail, nose and ears, which are Black. It has Been 
found that the exhibition of pigment may Be con­
trolled By alterations in temperature, SCHULTZ 
(13J !> } t for example, having shown that white hair 
was replaced By pigmented, under the influence of 
a lowered temperature. ILJIN (l921), studying the 
differential response of certain skin areas to this 
altered environmeiit concluded that each part exhibit­
ed a different threshold of response. According tc 
the work of DURHAM (1904), GORTNSR (1911-1912), arid 
PRISBRAM, DEMBOWSKI and BREECHER (1921), animal 
pigment is a melanin produced By the action of an 
oxydase (tyrosinase) on a colourless chromogen 
(tyrosine).
The question arises as to whether the pig­
ment under consideration I i tl c . suit of ae ti 
of these two factors, or due to some other agency, 
and it has Been investigated to some extent By 




place of white hy injecting tyrosinase extract (in 
one case out of twenty-eight) and By injections of 
HgUS (in two cases out of ten). The results were 
more definite when a dilute solution of iiaQH was 
added to extracts of skin of young Himalayans, the 
extracts turning dark on incubation. In view of 
the fact that dioxyphenylalanin Becomes dark on 
addition of alkali, she suggests that the chromogen 
present in the Himalayan raBBit may Be of similar 
nature to that substance.
There appears to Be no explanation of 
the pigment distribution in the Himalayan nor any 
determining factor except temperature, and these 
experiments were undertaken with a view to eluci­
dating the problem.
EFFECT on ADULT RABBITS.
The material used was pure-Bred Himalayans 
In order to test their susceptibility to the 
Schultz reaction, a portion of the hair from the 
sides of these rabbits was shaved off, and the hair 
which grew subsequently was Black, though the pro­
duction of pigment varied in time and degree. The 
temperature/
FIG. T.
A patch of "black hair grown on the hack of a 
Himalayan adult'rabbit after the part had been shaved 
and the rabbit exposed to low temperature.
3 .
temperature in the rabbitry from the time when the 
skin was shaved, until the appearance of the black 
hair was 5(’ - 9.5°3. After shaving the skin is 
white, hut later hlack patches appear on it. These 
gradually become more numerous, until ultimately 
the shaved area is entirely hlack, and finally tufts 
of hlack hair appear, and in their ‘turn gradually 
spread over the hlack surface until the hairy 
covering is reconstituted. After attaining a 
certain length the new hair begins to grow lighter 
and becoming white, the inference being that the 
protection afforded by the hair raises the skin 
temperature sufficiently to inhibit the further 
production of pigment. (fig. 1)*
E J E C T S  Oil KEW-BORil HIMALAYAN 3.
The baby coat of the Himalayan is white; 
the pattern only develops gradually after a few 
weeks when the young rabbits move about more freely 
in the cage. It was thought desirable to determine 
the effect of low temperature upon these young 
rabbits/
A Himalayan rabbit, one day old, sponged with cold 
water for 10 minutes for 2 days grew a black coat in 
contrast to its untreated control from the same 
litter. Photographed when 2i weeks old.
FIG. II.
4 *
rabbits at the stage when the pigment was as yet 
undeveloped. Accordingly two were taken from one 
litter and exposed to the air in the rabbi try out­
side the nest for ten minutes, a temperature of 
17°C. They were then returned to the nest, and the 
experiment was repeated in a similar manner on the 
following day, with the result that in one to two 
days the skin began to darken, and this was followed 
by the growth of dark hair which subsequently be­
came lighter as in the first experiment upon adults.
A  second pair were taken from another 
litter oneday after birth and were sponged with 
water at a temperature of 17°G, the temperature of 
the rabbitry at that time being £0.5°G., and that 
of the rabbit’s back about 35°0. Ah ordinary ther­
mometer was used, and the sponging was carried out 
on two successive days, the rabbits being out of 
the nests ^or ten minutes on each occasion. The 
same changes were observed and the alteration in 
colour is shown in f’ldr. £., where one of the rabbits 
subjected to sponging has been photographed with a 
control from the same litter.
Dark/
lark hair can he produced in rabbits one 
to two days old by exposure to a temperature of 
12 - 17 1, but this temperature is not sufficiently 
low to have the same effect in rabbits of 2-J- weeks 
from which it is concluded that susceptibility to 
tenrperature is more marked in newly-born rabbits.
EFFECT of Iii JECTI01T and 3KIIT EXTRACTS.
5 a
In order to discover the nature of the 
chromogen involved in the process of pigment for­
mation, the skin of a Himalayan rabbit one to two 
days old w a s ex tract ed b y OXJ SL GW ’3 (1925) met ho d 
with Itieselguhr and chloroform water. To equal 
volumes of the extract in test tubes tyrosine ex­
tract was added, with and without H 2 G2 , and to 
others iiaGH of varying dilutions; the tubes were 
then stoppered and incubated at 2>7°C. Hone of the 
tubes showed any sign of darkening even after pro­
longed incubation, although KAUFlIAIi found positive 
darkening of the extract with haCK. To further 
test the action of HaCH on the skin, pieces of skin 
from/
b *
after h pli ' tubes irith NaOH >f
on rious strengths, and a id.7/ droos of as a— <Li
f bein filled with distilled
Xy-Tbc o  HI a 1 n  i t a k  n  imi e d i a t e l j
7 s  t  r- r ’erne as controls, half the tubes '7ere
earns:.. :: men. tergerf ture, end half were incubated 
at c ^ :' Z . hut in neither series v.as any darkening 
observed. 3:ne pieces cf 3hi:: were then incubated 
in tar:sine suspension with and without H£C£, but 
it. i. t h : u t an 7 r e 3.nit.
ii tne ertect on low tenperature has n i(, 
inf 1  ua...t c v . t h e  ..lasn,a re 3 tier, in the living 
ar- -•■ah. „ as n n e i  bp hihhilhh and this in turn upon 
the-- production :f a i s -  e n t , the application of alkali
the shin should produce
V rf"s'. r  *■ f. r* * o p. “V, >. * ■■£ Tf,Tbl a. j h ha 1 r . lot e s t t h i 3 h up 01 h a 0 i. 
the "ike. a few ana. suuare. was removed by shaving 
and a t m  dr ana of war 7 diluted haOH solution 7/as 
ingaaia... intc the bare skin iio four or five places, 
Tbmt the result was negative. I:r. another series the 
hair "“an olaa'aa or. 0:00 olio ar.i tre abb., was oounod 
tSi a ] f MfiOH dlX I ?0 I-.yS«
Tint?
8 .
confined to the hair root and appearing to have 
its origin in the epithelial cells of the hull, 
the epithelial cells alone showing pigmentation.
In t] i - th< ski P tl _ ng Him layan is com- 
parahle to that of a rabbit from a black strain, 
the latter being black from birth. In many sect­
ions it v/as noted that the portion of hair 
immediately beneath the skin surface was not pig­
mented, the pigment being confined to the bulbs. 
Ihis would seem to indicate that during the growth 
of the upper portion pigment was still absent from 
the bvlb, and would only advance towards the skin 
surface at a late period. Under the stimuli: 3 of 
low temperature, pigment is f e m e . in the hull 
and is included in the growing hair, as observed 
by DRY (192C} , in the pigmented hair of the mouse. 
'Then the stimulus ceases the production of pig­
ment is arrested in the bulb but the previously 
formed pigment grows up into the medulla of the 
hair leaving the bulb devoid of it. This distinc­
tion between the piswiexitation in Himalayan and 
black breeds is that the length 0 ^ the pigmented 
hair/
9 .
hair in the former is dependent upon its length 
and intensity of the stimulus applied, whereas in 
the "black rabbit- the hair is pigmented throughout 
and is not influenced by environment. The depth 
of colour in Himalayan rabbits is variable, depend­
ing upon the number of pigment granules present, 
and this in turn is conditioned by the intensity 
of the stimu 1 us a ■ relied •
Discuss * .011/
10.
D I  3 (J U 8 S I  0 1J.
It lias 1)5011 shorn that white skin areas 
in the Himalayan ralibit are oapahle of pigment 
production without introducing into the skin anp 
chromogen or oxidising agent. ILJI1T was ahle to 
grow white in place of "black hair on the nose and 
ear by raising the temperature. The Experiments 
described in this paper show that the entire skin 
surface of the Himalayan rabbit may be made to 
produce dark hair by lowering the temperature from 
which it is evident that this is a self-coloured 
breed, the absence or exhibition of pigment depend­
ing upon the temperature to which the animal is 
exposed.
The reason for the distribution of pig­
ment in the animal remains to be considered.
In J III1 8-s tat ament that different body areas showed 
varying thresholds of response 4a already referred
to; he L-l. I... ‘ v. ! -.o jruoo of  u if f
exhibited b^ different regions lies in the 
under lying;
Photograph of a 4 day old Dutch rabbit. The future 
pattern of the adult is visible even at this stage, 
which is unlike that of the young Himalayan rabbit. 
T n thi a br e eel the f act or s f or' pi gm eht' prbcluc t i oh 
are restricted to the parts showing pigmentation.
F IG . I I I .
il.
underlying differences in subcutaneous regional 
"blood supply. The lower threshold of irritation 
of the extremities is to ho explained by reference 
to a restricted blood supply consequent upon this 
constriction in response to external cold. KAUPL1M 
found a difference of temperature "between the 
pigmented and unpigniented ports, using a mercury 
thermometer.
The pattern of the Himalayan and hutch 
rabbit differs in that the pigment of the hutch 
rabbit id independent of temperature whereas that 
of the Himalayan is conditioned by such alterations 
in environment. The patterns of hutch and Lnglish 
rabbits are present from birth, while that of the 
Himalayan rabbit is developed at a later period. 
ILTUHLIM ’3 result in pigment production through the 
application of UaOH has not been confirmed in this 
series of experiments, although the alkali was 
l  ̂ hi o 1 1 ‘ 1 * " x t e all - 30UTC 8 - f
error. SOHULTZ also failed to confirm her result.
Extracts from the skin of new-born 
Himalayans showed no pigment formation with tyrosine 
this/
this night he clue to the absence of an oxidase in 
the s.„in at the time of the examination. Z A W U M  
was able to produce black hair in three oases by 
injecting tyrosinase and KgOg, which suggests that • 
the skin is capable of producing pigment on addition 
of an oxydase. The problem remains concerning the 
mechanism involved in pigment formation at low 
temperatures. It should be noted that the skin of 
a new born Himalayan which has been killed and 
subjected to cold sponging or other exposure to 
low temperature does not turn dark . as in the case 
of the living animal.
According to SOIIULIZ, unpigmented skin 
gives a negative dopa-reaction but the skin during 
the stage of active pigment formation gives a 
positive dopa-reaction, a negative reaction being 
again obtained when active pigment production 
ceases. This would indicate the presence of some 
substance in the skin during pigment formation which 
is absent at other times. PRIZIBRAM, DEIIB0WS1CI & 
BRECHhR found that both tyrosine and !Tdopair became 
black/
13.
alack u'..a.or the action of tyro3ine.se. The effect 
of lew terxoerature on pigment production appears 
to he entirely local since only those parts of the 
shin actually exposed to low temperature produce 
pignen t sub s e gaen t ly.
In the light of this evidence one may put 
forward the hypothesis that under the influence of 
low temperature the living epithelial cells of the 
h ai r .follicles are stimulated to secrete some 
oxidising enzyme which leads to the formation of 
pj ■ gh reaction _th a chroi gen. The
fact that the shin of young Himalayans does not 
fter le th supports the suggestion, 
since de; th would inhibit the production of such a
  It . _ stated in this connection
that most of the hair of Cihinchilla rabbits shows 
jigneutm:’ anu unpigmented bands which is perhaps 
due to temporary cessations in pigment production#
I wish to express my gratitude to Dr 
Grew for the help and encouragement he has given 
me through the course of this investigation.
14»
3 U M  M  A R Y .
1. Adult Himalayan re11113 can be made to grow 
pigmented hair in parts which are normally 
white.
3. The skin of new horn Himalayan rabbits is more 
sensitive to temperature than that of adults, 
susceptibility being markedly decreased even 
at the age of Z \  weeks.
3. The dork appearance of the skin prior to the
growth of black hair is due to the presence 
of pigment granules in the bulb of the grow­
ing hair.
4. The pigment originates in the epithelial ceils
of the bulb of the hair follicles.
5. The degree pigmentation depends upon the
intensity of the stimulus applied i.e., degree 
of cold applied and length of exposure.
6./
The comparatively lighter colour of the
pigmented hair as compared with those areas 
which are normally black, is due to the 
smaller number of pigment granules.
The formation of pigment in the bulb steps 
eoinoidently with cessation of the stimulus-.
The skin of new born Himalayans after death 
does not show any pigmentation under low 
temperatures.
Solutions of haOH applied hy various methods 
to the skin and to skin extracts does not 
produce any b1ac ken ing•
The distribution of pigment in the Himalayan 
is due to the relatively low temperature 
of the extremities.
Low temperatures may influence pigment forma­
tion by stimulating the epithelial cells 
of the hair follicles to secrete an oxidis­
ing ferment.
T > T  f p '  ^ T
X  J j  X JLi X  *
MIJAG-PHOTGGMAPH A 90.
Transverse section of the skin of the tail 
of a 4- days old Himalayan rabbit which has been sub­
jected to low temperature. Because the hairs grow at 
a very small angle with the surface of the skin, the 
hairs below the surface of the skin being cut 
obliquely. There is comparatively small amount of 
pigment in sectioned hairs that also is confined to 
lower regions.
PLATE II.
MI OHO -PHO T 0 GrHAPH - 90.
Transverse section of the skin of the tail 
of a 4 days old black rabbit. The hairs being 
sectioned more or less transversely - abundant black 
pigment in the sectioned hairs in contrast to that 
in the section from the Himalayan young rabbit. The 
pigment is present in all portions of the hair.

' r T  ’ I B  A  "■"'TT/ \ f T l A P  i  A T ' T TMi. ̂ l i s j —x  r io  l  o  i i  « X 160.
Longitudinal soot ion of a hair with root 
of a young black rabbit. Showing the pigment in 
the follicle and the hair.
PLATE IV.
HIGEO-PHOTOGRAPH A37 u.
Longitudinal section of a hair follicle 
of a.Himalayan young rabbit which has 'been subject 
q C to low temperature. The pigment is confined to
PLATE V . 
li-L  JEO-rxiOTOdniil-H X a 7 o .
Longitudinal section of a hair follicle 
of s 4 days old Himalayan rabbit subjected to low 
temperature. There is hardly any pigment in the 
root, but there is a little' pigment at the neck 
showing the passage of the pigment to the hair.

F I G ,  V I .
Photograph (X if) of hairs of a Himalayan rabbit♦
The top portion is black and the lower portion is 
white. These black hairs were grown on the: back u n ­
der the influence of low temperatune, where normally
white hairs grew. The protection caused by the
.
black portion of the hair raised the temperature of 
the surface of the skin, and led to the cessation of 
pigment f ormat 1 on .
FIG, VII.
Photograph of hairs of a Chinchilla rabbit showing 
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AGE AiND QUALITY OF OFFSPRIiNG
The Effect of Age of Parents on the Quality of Offspring in Cattle
A. C .  C h a u d h u r i  
A n i m a l  B r e e d i n g  R e s e a r c h  D e p a r t m e n t , U n i v e r s i t y  o f  E d i n b u r g h
S O M E  w ork  has been clone on the 
relationship of the age of the dam 
to ferti l i ty  and fecundity in dif­
ferent animals, but the l i te ra ture  on 
the relation of the ag'e of the paren ts  
and the quality of the offspring does 
not seem to be satisfactory . M any 
breeders doubt w hether  the offspring 
of aged paren ts  is as good as th a t  of 
young  ones. The g rea te s t  age at 
which a cow can breed is still som e­
w ha t doubtful. The Aberdeen-Angus 
foundation cow, “Old Grannie,” p ro ­
duced a calf in her tw en ty -n in th  year. 
Jones and R ouse4 record a cow calv­
ing a t  the age of th ir ty - th ree ,  and 
tw o  multiple births at the age of 
twenty-five in the American H erefo rd  
and A berdeen-A ngus herd books re ­
spectively. In the horse, W ood6 re­
cords a thoroughbred  m are breeding 
a t  th ir ty - th ree ,  and tw o  m ore at 
th ir ty , while in the sheep P ear l5 has 
noted a rem arkable  ewe which p ro ­
duced a lamb in her seventeenth year. 
These are merely some figures to 
show the l im i t : the average age at 
which a cow stops breeding is con­
siderably lower. There  is no record 
as to  the relative quality of the off­
spring of a particular  individual ac­
cording to  age.
In order to  present some data  con­
cerning this, the prizewinners in the 
S horthorn  classes a t  the Highland 
and A gricultural Society’s show (the 
leading show in Scotland) and their 
paren ts  were studied, the ages of the 
parents being traced in Coates’ Herd 
Book. The lists of p rem iu m s,- re ­
corded w ere  from  1902-1925, exclud­
ing four years  w hen no shows were 
held, thus leaving records of over 
tw e n ty  shows. Records w ere  made 
of the first five prizewinners of each
class excepting those in which there 
were only a few entries, and these 
were eliminated. To each first prize­
w inner five points were awarded; to 
the second, fou r;  and so on, the fifth 
ge t t in g  one. The date of birth of 
these winners were recorded, also 
the ages of their  dams and sires at 
that time. As, for various reasons, 
m ost animals are not allowed to live 
as long as they  are capable of breed­
ing, it was though t desirable to com­
pare the num ber of points gained by 
cows of a certain age as parents of 
prizewinning offspring, w ith  the num­
ber of cows calving at th a t  age in a 
similarly controlled population. For 
this the ages w ere  ascertained of a 
num ber of the cows which calved in 
the age periods, between volumes 58 
and 70, both inclusive, of Coates’ 
H erd  Book. These volumes cover the 
g re a te r  pa r t  of the population from 
which the winners came. The age of 
the dam of every hundredth birth was 
recorded, am ounting  to  2,078 births.
The data  thus collected are tabu­
lated in Table I.
While the figures cannot be re­
garded as in any w ay significant, or 
definite, they are perhaps suggestive. 
F rom  columns 1 and 2 it may be 
noted th a t  the maximum number of 
prizewinning offspring belong to 
dams who calved a t  three and four 
years, but this is balanced by the fact 
th a t  Shorthorn  cows are more regu­
larly served to  calve at tha t age 
(column 4) and indeed the number of 
points gained per hundred cows at 
th a t  age differs little from any other 
age (column 5). The average number 
of points per hundred cows increases 
perhaps w ith  age, bu t this, if it is so, 
cannot be regarded as significant, for
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it is only natural tha t breeders should 
retain in their herds for a ra ther  long­
er period cows which they recognize 
as giving rise to offspring above the 
average. A  study of these figures 
also shows th a t  with an advance in 
age more and more breeding cows are 
disposed of, the disposal s ta r t ing  in 
the third year but not severely until 
the fourth. F rom  the fourth to the 
seventh  year there is a heavy reduc­
tion, then a slight easing off till the 
ninth, a f te r  which it is somewhat 
more gradual.
As regards the age of the sire on 
the quality of the offspring, results 
are somewhat similar. Six more w in­
ners are included in this study, it hav­
ing been impossible to  trace their  
dams. It  is in teresting  to note tha t 
the greatest number of prizewinners 
are produced by sires which were two 
years old when their  prizewinning 
progeny w ere born. This is logical, 
and it shows tha t  a good m any breed­
ers prefer to use young bulls, which 
is in accord w ith  the common prac­
tice in Shorthorn  herds in Scotland.
Donaldson2, w orking  with rats, 
finds tha t the birth weight increases 
with the increasing age of the dam. 
This is due ra ther  to  an environ­
mental cause than to a genetic one. 
Eckles and P alm er3 state tha t  neither 
the percentage composition of the 
milk nor the physical and chemical 
constants  of milk fat from aged dairy 
cows show any abnormalities a t t r i ­
butable to old age. They further  
record tha t  bu tter  made from the milk 
of a cow nineteen years old was p ro ­
nounced to  be of excellent quality. 
Allen1, w ork ing  on the ages of the 
sires and dams of cows under three 
age groups according to their seven 
days bu tte r-fa t  production (Advanced 
Registry , American Holstein F ries­
ian), concluded tha t  the parentage of 
superior or high producing dairy cows 
is no older than the parentage of
T A B L E  1— C L A S S I F I C A T I O N  O F  P R I Z E  W I N N I N G  S H O R T H O R N  C A T T L E  A C C O R D I N G  
T O  T H E  A G E  O F  P A R E N T S
Aocording to the Age of Dam According to the Age of Sire
1 2 3 4 5 6 7 8 9 10 11Age
0L No. of No. of Per Per cent
DamNo. No. of No. of cows points cent. of total No. of No. of
or of points points calving per hun­ of no. of No. of points points Per cent.
àire Vin- ¡gained per in age dred cows total cows winners gained per of total
ne iT by winner period in calving points caivirg by winner points
winners hundreds winners
2 51 164 3.21 191 0.85 9*66 9.19 183 550 3.00 32.04
3 95 315 3.31 <¿16 0.75 18.57 20.02 153 480 3.13 27.96
4 ICO 299 2.99 361 0.78 17.62 18.34 88 278 3.15 16.19
5 71 212 2.98 291 0.72 12.49 14.00 44 122 2.77 7.11
6 57 185 3.24 23̂ 0.79 10.90 11.26 37 121 3.27 7.05
7 46 150 3.25 173 0.86 8.84 8.35 27 97 3.59 5.65
e 45 131 3.04 138 0.94 7.72 6.65 8 29 3.62 1.68
9 31 103 3.32 102 1.00 6.07 4.90 7 22 3.14 1,28
10 15 39 2.60 52 0.75 2.30 2.50 6 13 2.16 0.75
11 15 35 2.33 36 0.96 2.06 1.74 2 5 2. 50 0.29
12 10 20 2.00 52 0.62 1.18 1.54
13 7 21 3.00 14 1.50 1.23 0.68
14 3 4 1.33 10 0.40 0.24 0.48
15 1 3 3.00 ‘ 5 0,60 0.19 0.24
16. 3 11 3. 66 1 11.00 0.64 0.04
17 - - - 2 - - 0.09
18 1 5 5.00 - - 0.29 . "
total 549 1,697 2,078 100 IOC 555 1,717 ,100
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com paratively inferior or low p ro ­
ducing- cows.
These results  are in accord w ith  
those presented  in this paper. While 
the figures herein shown are only 
suggestive and in no w ay conclusive,
nevertheless there  is noth ing  that can 
be deducted from them to show that 
there  is either a decrease or increase 
of quality according to the age of 
the parents . This result is in accord 
with accepted genetical theories.
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